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FOREWORD

ENGINE AND AIRPLANE PERFORMANCEF DATA

The engine and airplane performance provided in the main body
of this document is hased on engine performance data received prior to
15 July 1968.

The RFP provides for firm technical .agine dats to be submitted
on 8 August 1966, The predicted effect of this data is of interest to
the readers of this documeat. Accordingly, ar addendum summarizing
the effect of the 8 August 1966 engine performance on the B-2707 SST
has been ingerted into the following documents:

V2-B2707-3 Aerodynamic Design Report
V2-B2707-12 Propulsion Report - Part A
V4-B2707-1 Operational Suitsbility Report
V4-B2707-4 Airport and Community Noise Program

The performance information contained in the Summary document,
the Model Specification, and the Swatemeunt of Work is based upon the
8 August 1966 firm technical data.

V4-B2707-1
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1,0 INTRODUCTION

Operational Suitability, the first in a series of
19 system integration documents, is prepared in
response to Sec. 5 of the Request fo. Prcposal
for Phase III of the Su&sonic Transport
Development Program.™This document presents
the B-370% mission flexibility, environment inte-
gration reports, airport suitability summaries,
and the operational inlegration plan for integrat-
ing the B=2%9% airplane and support equipment
into airline service.v\

Figure 1-1 shows the relationship of this docu-
ment to the other substantiating data which make
up Vol. IV, System Integration. The other six
operations documents inciude study and test
reports concerning sonic boom, l10ise, safety,
training, and human engineering. The test and
simulation plans are contained in Documents
V4-B2707-10 wnrough V4-B2707-14. The third

group, documents V4-B2707-15 through V4-
B2707-20, consist of the Product Assurarce
Plans: Quality Assurance, Maintainability,
Reliabitity, Value Engineering, Standardization,
Product Support and Quality Control.

The sutability of the B-2707 design to meet, and
ia many instances exceed, its operaiivual require-
ments is substantiated i~ .he reports of Phase II
studies and tests included herein.

The sections following this introduction are
arranged to matcn the outline in the RFP and are
applicable to buth the intercontinental and domes-
tic operation of the B-2707. Detail airport com-
patibility studies are limited to 15 designated
domestic airports.

SYSTEM
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The B-2707 (Fig. 1-2) is designed to carry a pay-
load of 277 passengers approximately 4,400
statute miles at Mach 2.7 (3,819 nmi for GE and
3,738 nm{ for P&WA), The B-2707 is compar-
able to, or exceeds the performance of, existing
subsonic jets in takeoff and landing. Pertinent
takeoff and land!ng characteristics are shown in
Table 1-A. Because engine thrust is sized for
transonic acceleration, the takooff and climbout
performance is exceptionally good. At 675,000
1b, the B-2707 FAR fisld length is 7,000 ft (GE)
and 7,300 ft (P&WA). The B-2707 movable wing
«2d the high thrust permits a wide selectiot. of
subsonic and supersonic apeed schedules to
satisf{y the many different route structures and
locsl considerations for noise abatement and
sonic bcom. Using noise abatement procedures,
noise I8 reduced from 128 PNdb tc 100 PNdb
{GE) and 105 PNdb (P&WA) in communities below
the airplane path at takeoff.

The takeoff and climb procedures are generally
similar to cirrent subsonic jets. Wing sweep
management is an additional crew function; how-
ever, the engine operation requires significantly
less management. Crew workload is comparable
to current subsonic jet airplanes. This ig8 accom-
plished by simplifying flight deck instrumentation
and automating functions normally accomplished
manually 8o that the crew can focus more atten-
tion on the manua! tasks of flylng the airp:ane.

For routes or legs where It is necessary to fly
subsonically, the forward-wing position of the
B-2707 offers a considerable economic advantage
over the wings aft configuration. As shown in
Table 1-B, the B-2707 cun be operated subnoni-
cally &t 42-degrec sweep with no appreciable
range penaity using the PEWA englne. Minor
range loss occurs with use of the GE engine.
Consequently, it is believed that the B-2707 is
compatible with the domestic as well as inter-
continental operations on a 24-hour-a-day basis.

Normal descent {8 comparable to present-day
practice and the airplane has the capability of
bolding at lower altitudes subsonically without
undue fuel peniity.

Fuel management procedures do rot cali for any
fuel transier {o keep withir center-of-gravity
limits for normal or .rations as well as {or un-
scheduled st eed re« ctions or descent.

The following characteristics provide excellent
landing capabilities:

e The wing sweep capability of 30 degrees and
flaps 20/40-degrees down provide low landing
speeds 144 kn), speed-thrust stability and
low community noise levels (at 1 mi out
111 PNdb for GE, and 115 PNdb for P&WA.

e Forebody in the down position along with the
low flight deck attitude provides visibility
better than current jets.

o Engine acceleration characteristics are
excellent, providing rapid thrust response
during approach and reverse thrust opera-
tion on the ground,

e The high reverse thrust provides excellent
stopping capability under adverse runway
conditions.

Landing the B-2707 with wings swept aft (72 de-
grees) is similar to landing a subsonic jet with
flaps retracted. The approach speed is 205 kn
and the landing distance over a 50-ft obstacle is
6,000 ft when utilizing 4 engines in reverse
thrust in a standard-day wet runway.

Sonic boom overpressure restrictions may have a
significant influence on the operational prcfile of
the B-27C07. The trade between range and allow-
able sonic boom overpressure for the B-2707 is
shown in Fig. 2-235 for three gross weights. These
data are based on an all-supersonic misaion; how-
ever, a subsonic leg prior to climb can be used

to decrease the sonic boom overpressure at a
given takeoff weight. Consequently, it is believed
that the B-2707 has versatility to provide excel-
tent Gomestic operational capability. For short-
range flights, the B-2707 will perform an all-
supersonic mission with a 2-psf overpressure.

A substantial increase in range is available wizh

a small increase in overpressure to 2.1 or 2.2
paf. For long-range flighis, the B-2707 is oper-
ated suusonically over the first portion of a
domestic route followed by a climb at Z-psf
overpressure.

The B-2707, with its wings swopt 72 degrees,
has all the supersonic cruise advan:ages of the
delia planform. The T2-degree wing sweep is

V4-B2707-1




e el

AT 70,000 77,
0ZONE

DCLIEY §
P I




Figere 1-2. B-2707 Operational Suitability
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Table 1-A, Tckeo!f ond Landing Characteristics

Model B-2707 (GE) B-2707 (P&WA) B-707-320
Takeoff weight, 1b 675,000 675,000 334,000
Landing weight, Ib 384,000 378,000 215,000
FAR takeoff field length, ft 7,000 7,300 11,050
Takeoff speed {liitoff), kn 169 169 165
Takeoff noise, PNdb, at
3 mi from brake release 100 105 120
Approach speed, kn 2 133 131 137
Landing approach noise, EE
PNdb at 1 mi from g9
threshold § 8 108 111 122
m =
FAR landing field Chal
length, ft “ 6,280 8,220 6,060
Approach speed, kn 144 143 -
Landing approach o
noise, PNdb at 1 mi N
from threshold ]9 111 115 -
2}

FAR landing field & E‘
iength ft [ 6, 900 6,850 -
Engine acceleration
response time, seconds
{idle to 35 percent dry

l power) 4 6 7

L

significant in its capabilitv to penetrate turbu-
lence without undue discomfort for the passen-

gers.

Unlike the B-7C, which has canard sur-

faces, the B-2707 exhibits sinall acceleration

from gusts.

This favorable response is largely

attributed to the wing sweep of 72 degrees, the
flexibility of the fuselage structure, and the
higher wing loading made possible by the variable-

sweep concept.

In addition, cruising at 60,000 to

70,000 ft greatly reduces the average intensity
and frequency of turbulence encounters when
compared to current airline jets operating at
altitudes of 35,000 ft.

Ozone concentrations are reduced to within the
tolerable level of 0.2 ppm (by volume). Ozone
reduction is accomplished by the combined
effects of the high initial temperatures of the
intake air and the catalytic action of nickel plating
in the environmental control equipment.

Solar radiation is filtered to a tolerable level
largely by the atmosphere above the B-2707
cruise altitudes with additional filtering accom-
plished by the airframe. The dosage from the
current level of radioactive particles is negligible
because of the inherent filtering action of the air-
conditioning system.

V4-B2707-~1
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A passenger cabin window blowout (33.2 sq in.) at
70,0G0 ft is not catastrophic because the cabin
pressure altitude is maintained within safe limits.
With three of four air conditioning packs operating,
the cabin pressure is held to 7,000-ft altitude
pressure,

The B-2707 is compatible with the National
Afrspace System, with consideration for the pro-
jected improvements. The inertial navigation
subsystem (INS) enables the B-2707 to fly on-
course or on parallel courses in order to lessen
sonic boom exposure. The self-sufficiency of the
INS prevides the captain with posgitive navigation

Figure 1--3. Comm/Nav Equipment Used in Terminel

Areo Operation

Misajon Description B-2707 (GE) B-2707 (P&WA)
Total mission supersonic 3,819 nmi 3,738 nmi
400 nmi subsonic ieg at beginning
of mission -63 umi No loss
400 nmi subsonic leg at end of
mission -104 nmi - 40 nmi
Total mission subsonic ~533 nmi +132 nmi

A

h
refe%%nces at all times during worldwide opera-
tions. The airplane is also equipped with an
automatic landing system to permit operations at
airports with visibility as low as 700 ft. The
other basic communication/navigation equipments
are the VHF, Omni-Range system (VORTAC), an
ATC transponder, HF radio, LOR*N (optional),
ILS, weather radar, ADF, radio altimeter, inter-
phone system, and public address system
(Figs. 1-3 and 1-4).

Safety has been emphasized in the design of the
B-2707 to achieve safety leve!s in excess of cur-
rent standards. The desigr considerations for

MERTIAL RAY SY,TEM

$vSTEn

Figure 1-4. Comm/Nav Equipment Used During Cruise

V4-B2707-1
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Table 1-C. Ground Neading and Support

B~2707 B-707-320

min min
Turnaround time 30 90
Enroute time 20 30
Cleaning (turnaround) 14 26
Cargo handling (load) } 12 8

turnaround

Cargo handling (unload) 11 7
Cargo handling (load-enroute) 6 4
Cargo handling (enroute unload) 6 5
Enroute fueling 16 16
Turnaround fueling 23 18
Ground engine starting 2 2

safety are discussed in the System Engineering
Report, V2-B2707-1, and the proposed safety
program during Phase II is presented in the
System Safety Plan, V4-B2707-6.

Although the B-2707 performance is significantly
different from current sulsonic jets, the basic
ground handling and servicing procedures and
equipment are similar. Ground operations have
been reduced by careful consideration of the hand-
ling and servicing features of the airplane

(Table 1-C). Significant improvement over cur-
rent operation is provided by the airborne inte-
grated data system (ooticnal equipment), which
reduces investigation time and provides ground
crews with specific advance information on inop-
erative units. (Refer to Par. 3.7 of this document
for details.)

The forward door sill height is compatible with
existing passenger handling equipment. Using
only the two forward doors, 277 passengers can
deplane in 8 minutes; the 707/DC-8 unloada 129
passengers in 5 minutes. For faster loading and
unloading, the aft doors can be used, but such use
requires modified ground equipment to bridge
nver the wing/stabilizer structures.

Maintainability of the B-2707 will be comparable
to current jets. The maintenance concept is
built around experience gained on the current
707/720/727 series and places more emphasis
on subsystem self-test capability.

The overall compatibility of the B-2707 with cur-
rent and planned airports is excellent. Con-
tinuing improvements and expansion programs at
the world's airports to keep pace with air traffic
growth will provide an airport network into which
the B-2707 can be introduced without significant
need for major investments. The landing gear
loads are distributed through a four-wheel four-
truck system. At 675,000 lb, the B-2707 re-
quires a pavement depth very similar to that
required by existing heavy jet auirplanes, such

a8 the DC-8-55. Consequently, the B-2707 is
gererally corpatihle with existing runways. This
subject is treated in greater detail in Sec. 4.0
(Airport Suitability Report).

Transition training for pilots {8 minimized by
B-2707 similarities to current subsonic jets in
takeoff and landing and handling qualities. Ground
crew trairing is required although many of the
subsystems ar+ similar to thcse of existing jets,

V4-B2707-1

[

. &

DU

[1




e i

-
e et - A et e g e S o o sy b 4

and maintainability has been improved. Current
flight crew training techniques and methods,
which have recently been updated to place in-
creased emphasis on simulators, have been
adopted and improved for the B-2707 (Training
and Training Equipment Program, V4-B2707-7).

Noise suppression equipment, & high-span wing
to reduce thrust requirements, and tailoring of
operational procedures have been employed to
winimize noise levels at airports and neighboring
communities throughout the takeoff and low alti-
tude flight regime. (See Par. 2.5.2 of this docu-
ment and the Airport and Community Noise Pro-
gram, V4-B2707~4 for details.)

Notise levels during taxi and ramp operations are
comparable to present-day subsonic jets. Main-
tenance run up at high powers may require ground
suppressors. Current technology can provide
adequate ground run up suppressors to achieve
the required noise reduction.

The three most noise~critical periods of flight {or
cabin noise are takeoff, transonic acceleration,

and cruise. The overall sound pressure and the
speech interference levels predicted for each of
these flight conditions do not exceed the design
criteria and are lower than the noise levels
occurring during similar type operations with
current subsonic jets.

During succeeding program phases, actions are
planned to demonstrate satisfactory integration of
the B-2707 into its complete operating environ~
ment. Section 5.0 (Operational Integration Pro-
gram) identifies the necessary activities leading
to an operational airplane. These are in terms
of its mission flexibility, environment integration,
noise, sonic boom, safety, and human engineer-
ing considerations. The ground handling and
support and training programs detailed in other’
gections of the proposal are summarized as they
are germane to supporting the operational inte-
gration of the airplane. Study of the airports and
operational facilities will continue well into the
program in order to provide the basis for modi-
fications and new construction in time to meet the
operational needs of the B~2707.

V4-B27n7-1
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2.0 MISSION FLEXIBILITY

2.1 INTRODUCTION

The B-2707 is adaptable to the wile variety of
airline operational conditions presently encoun-
tered, as well as those envisioned for the next
decade. This section describes the normal and
off-design operation of the airplane and the ab-
normal and emergency conditions. The capability
of the airplene to operate efficlently over domes-
tic routes with lower sonic boom overpressures,
as well as over the intercontinental routes is
discussed. The flight crew equipment and pro-
cedures are developed from careful analysis,
close 1iaison with F-12 and B-70 flight crews. and
simulator studies of various segments of the flight
profile. Airline flight crews are being contin-
uously consulted in order to ensure compatibility
of the ground handling and flight characteristica of
the airplane with the airline flight crews and oper-
ational environment. Certain instrumentation, con-
trols, and visibility features are described.

The B-2707 mission flexibility and performance
described in this document is based on the
General Electric engine. Where a significant
difference in the airplanes performance results
from the use of the Pratt and Whitney engine,
that difference is discussed. The B-2707 per-
formance data using these engines is contained in
Airplane Performance, V2-B2707-4 (GE), and
Airplane Performance, V2-B2707-5 (P&WA).

The passenger and cargo compartments are
structured to permit significant flexibility in
configuration. This flexibility consideration is
discussed in Airframe Design Report, Part B,
V2-B2707-6-2.

2.2 FLIGHT PLANNING

A major item in planning a flight is the fuel re-
quirements. The total fue] required is affected
significa..ily by small variations in air tempera-
ture. Paragraph 2.6.1 discusses this effect and
provides fuel requirements for apecific flights.

A pre-computed fuel usage schedule {"how goes
it"") will be used by the flight crew to compare
with the actual fuel consumed. Figure 2-1 shows
the fuel tank arrangement and tank -apacities.
For normal operations a single fuel loading pro-
cedure will maintain the airplane cg within limits.

If the payload aistribution i8 markedly different
from that expected at the time of refueling, trans-
fer of fuel between the forward and aft auxiliary
tanks may be performed to improve the airplane's
tsim drag characteristics. The time required for
the maximum possible auxiliary fuel tank transfer
on the ground or in flight is approximately 10 min-
utes. For lower payloads and training flights,
restricted seating and/or ballast may be required.
A water ballast tank lccated in a pressurized com-
partment forward of the nose gear .s provided for
flexible cg control.

The amount of fuel to be loaded is based on range.
The fuel loading chart specifies the fuel quantity
to be loaded in each tank (Figure 2-2).

Another aspect of flight planning i8 the departure
routing and ground track during transonic accel-
eration. The sonic boom effects over populated
areas can be minini{zed by varying the ground
track during transonic acceieration by departing
over sparsely populated areas. In addition, the
efficient subsonic capability of the B-2707 can be
used to eliminate sonic boom effects on critical
areas. Subsonic performance data is shown in
Pars. 2.6.2 and 2.6.3.

The navigation enroute is relatively simple in that
the largest portion of the flight will be a straight
line with a minimurn of heading changes. The
inertial navigation system provides flexibility such
as parallel tracking, multipie departure and arri-
val "canned’ routing.

2.3 TAXI

The maximum taxi gross weight is 675, 000 lb.
The taxiing technique is similar to that used for
large subsonic jet transports. Steering is accom-
plished with hand wheels located outbeard of both
pliots. Nose-wheel steering of +5 deg is obtain-
shle with the rudder pedals for use primarily
during takeoff and landing.

2.3.1 Steering Capability and Limits

The minimum turning radius of the airplane occurs
at 76 deg nose-gear steering. At this angie the
nose gear sweeps an arc of 119 ft radius and the
nose, an arc of 199 t. A 18C-deg turn can be

V4-B2707-1




made on a 200-ft-wide runway with the main and
nose gear having at least 20 ft of pavement edge
margin.

The longer wheel base has been analyzed as to

airport ramp, taxiway, and runway compatibility
at certain existing international airports. It has
been estabiished that the airplare can be maneu-
vered safely on these facilities. (See Sec. 4.0.)

2.3.2 Pilots Position with Reference to Landing
Gear and Height Above Runway

The pilots are located 185 ft ahead of the aft main

landing gear, 54 ft ahead of the nose gear, and

18 ft abo—e the nmway. The corresponding die-

tances on a 707-300 series airplane are 7C ft

abead of the maain landing gear, 11 ft ahead of the
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nose gear and 14 ft above the runway.

The normal taxi configuration will he with the
forebody full-down and wing-sweep position set
at 30 deg. In this configuration the pilots will
see both wingtips and can see the ground 43 ft in

front of the airplane as compared to 51 ft for
subsonic jets.

Closed circuit *~levision may be used to assist
the pilot in ground maneuvering. By use of this
system, the pllot can monitor the tracking and
clearances of the landing gears. The need and
effectiveness of this system will he demonstrated
on the prototype airplane. A similar type tele-
vision sysiem has been flight tested by the com-
pany on a 707-320 and found to he practical for
ground operations. Figure 2-3 {llustrates such
an application of TV.

Piiot visibility is discussed in Par. 2.11.

2.3.3 Taxd Thrust

The idle thrust for taxiing on current fan jet
transports results in frequent braking, expecially
at mediu:n and light weights, to maintain safe
taxi speeds. A low idle thrust setting has been
incorporated on the B-2707 to reduce the thrust
and fuel flow during taxi and ground hold opera-

OUTBOARD AUXILIARY 44 {1A OP%)
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MAIN Na.2 N
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_ :‘_5,}7"..- N\ . \
oy NI
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Figue 2-1. Fuel Tonk Arrenge—ent
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Figure 2-3. Tslavised View of B-2707 Landing Gear

tions. The engine acceleration characteristics
are good with approximately 4 geconds (GE) from
idle to 95 percent maximum dry thrust. The low
idle thrust setting for ground operation at sea
1evel 18 1,530 1b per engine.

2.4 TAKEOFF

The takeoff performance of the B-2707 is con-
siderably superior to that of current suhsonic jet
transports. The {improved performance ig due to
the thrust requirement for transonic acceleration
rather than takeoff. The rotation rates, liftoff
speeds, and pitch attitudes are gimilar to those of
current jet transports. The maximum inflight
gross weight (flaps up), i8 §66, 000 1b.

2.4.1 Normal Takeoff Procedures and Techniques
The takeoff procedures outlined in the following
gections are similar to current practice. The
takeoff thrust may he set prior to brake release
or during the early part of the takeoff roll. There

will be no increase in takeoff distance using the
rolling takeoff procedure.

2.4.1.1 No Community or Airport Nolse
Restriction

Typical maximum gross weight takeoff and initial

climb profiles are ghown in Figs.2-4 and 2-5.

Thesge profiles are based on the use of maximum

augmented thrust.

The flap setting for the maximum gross weight
takeoff is 20/40 deg (20 deg on main flap and

40 deg on auxiliary outer wing flap aft of main
flap). The airplane is rotated at a rotation

speed (VR) schedule which provides a 1iftoff

at an attitude of 10 deg with an average pull

force of 15 1b.. Rotation is initiated at'a calibrated
speed of 148 Kaiots (1.12 Vipeg) With 1iftoff occur-
ing at 169 knots for the maximum gross weight
takeoff at maximum augmented thrust. Ground
roll distance to 1iftoff is 4,800 ft. The FAR take-
off distance is 7,000 ft. Ample rudder control is

V4-B2707-1
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Figure 2-4, B-2707 (GE) Takeoff Profile

avallable for crosswind takeoffs., For the condi-
tions of maximum augmented thrust, 675,000 1b
gross welght and normal rotation speeds, the air-
plane can be held at zero yaw in a eroaswind of
24 knots. For one engine inoperative, a zero yaw
condition can be held in a 10-knot crosswind.

Gear retraction is initiated after a positive rate of
climb is attained. The takeoff flare ic completed
at 186 knots and 250-ft altitude in a steady-state
climb of 2,800 fpm. At the end of the takeoff
segment, the wing flaps will be retr.icted and the
wings will be swept to 42 deg. A summary of
takeoif performance parameters for two gross
weilghts are tabulated in Tables 2~A and 2-B.

2.4.1.2 Communitiy; Noise Abatement Restriction
At those airports where there are community

noise abatement policies in effect, the typical
takeoff procedure modifies the initial climb by
making a smooth power reduction three miles
from brake release. The thrust is reduced at the

" threé mile point to 18,500 1b per engine.

. TAXI WEIGHT s 673 D00 LS. ..., O S SR
"TAKEOFT FLAP SETTING £ 20140 “DEcREES. :

_ MAXMMUM AUGMENTED . THRUST... ... bk
" _STANDARD DAY s SEA LEVEL . N O

*  NOISE ABATEMENT (REDUCE THRUST), NOISE LEVEL 5 105 Phd
- 1D NOISE ABATEMENT, NOISE LEVEL. ¢ 128#NdD —

“ . 13 N N 5
BRAKE. REL TASE
Zas

{

;

16 | -

B 2]

., 100 FEET

ALTITUDE

IELD LENGTH,—L i ;

4 6 8 10 12 14 16
DISTANCE FROM BRAKE RELEASE , 1000 FEET

Figure 2-5. B-2707 (P&WA) Takeoff Profile

This
results in a community noise level of 100 PNdb;
the present FAA limit {8 105 PNdb. The flignt
profile and the assoclated noise contours are
shown in Fig. 2-6 through 2-9. The rapid climb
rate achieved after liftoff results in low noise
levels beyond the three mile point, using noise
abatement procedures.

A summary of the community noise levels versus
FAR field length and thrust setting is shown in
Figa. 2-10 and 2~11.

2,4.2 Takeoff Field Lengths

Tae JAR takeoff fleld lengths for the B-2707 are
considerably shorter than those of current com-
mercial jet transports (Fig. 2-12). At a taxi
gross weight of 675,000 1b, the standard day take-
off field length ‘8 7,000 ft using maxi{mum aug-
mented thrust; at 86°F, the FAR takeoff field
length is 8, 300 ft.

V4-B2707-1
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Table 2-A, Tokeoff Performance Summary — B-2707 (GE)

FIELD CONDITIONS

Standard day
Sea level

Dry runway

2ero wind, zero ruinway slope

AIRPLANE CONDITIONS

Wing sweep = 30 Degrees
= 20/40 Degrees
Four engines operating

Flaps

U

Maximum
Gross Weight

Aliernate
Gross Weight

-1

Taxi gross weight (lb)
Thrust setting for takeoff
T/W at liftotf

afrport avise (1, 500 ft pervendicular
to airpiane path) (FNdb)

Takeoff criteria speeds V1
(knots, CAS)
VR
VLoF
Vas

Distances: Brake release tc 35 ft
(f) FAR field length

Acceleratc-stop
(no reversge thrust)

Steady-state climb conditions
After takeoff flare.
Airspeed (kn, CAS)
Rate of climb (fpm)
Flight path angle (degrees)
Body angle (degrees)

Thrust reducec at 3 miles from
brake release to observe community
noise ievel requirement:

Thrusnt reducad to

675,000
Max augmented
0.342

121

186
2,800

20

32. 4% max augmented

575,000
Max dry
0.311

117
132

139

156
167
5, 800
6,700

6,200

o e

169
2,400

19.5

35.5% max dry

Noise level (PNdb) 100 99
Alrspeed (kn, CAS) 203 187
Altitude (ft) 1,650 1,430
- o d
V4-B2707-1




Table 2-B, Takeoff Performance Summary = B-2707 (P&WA)

FIELD CONDITIONS AIRPLANE CONDITIONS

Standard day Wing Sweep = 30 Degrees
Sex level Flaps = 20/40 Degrees
Dry runway Four engines operating
Zero wind, zero runway slope
Maximum Gross Weight Alternate Gross Weight
Taxi gross weight (Ib) 675,000 575,000
Thrust setting for talkeoff Max augmented 0.5 Max augmented
T/W at liftoff 0.328 0.192
Airport noise (1,500 ft perpendicular 117 114
to airplane path) (PNdh)
Takeoff Criteria Speeds: V 1 143 129
VR 150 138
VLOF 169 156
(kn, CAS) V35 182 167
Distances: Brake release to 35 ft 6,325 9,450
() FAR field length 7,300 7,400
Accelerate-stop (no 6,800 6,900
reverse thrust)
Steady State Climb Conditions
After Takeoff ¥lare:
Airspeed (kn, CAS) 185 168
Rate of climb (fpm) 2,600 2,260
Flight path angle (degrees) 8 7.5
Body angle (degrees) 19.5 19
Thrust reduced at 3 miles from
briake release to observe community
noise level requirement:
Thrust reduced to 33.9% max augmented 28.8% max augmented
Noise level (PNdb) 105 103
Airspeed (kn, CAS) 203 187
Altitude (ft) 1,450 1,290
V4-B2707~1
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Figure 2-9. Tokeoff With No Noise Abatement (P&WA Engine)
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Figure 2-10. B-2707 (GE) Takeoff Noise Trades
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Figure 2-12, Tokeoff Field Length Compurison
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The takeoff speeds shown in Figs. 2-13 and 2-14
were developed on the basis of a 10-deg angle of
attack at liftoff, which provides a 2-ft tail clear-
ance with oleos extended.

The liftoff speeds are estimated to be considerably
in excess of 10 percen. over the non-geometry
limited minimum unstick speeds (current FAR).
This provides climb capability after liftoff sub-
stantially greater than subsonic jets. The geom-
etry of the airplane prevents demonstration of
minimum unstick speed in ground effect; however,
the liftoff speeds are always at least 5 percent
above the geometry-limited minimum speed.

2.4.3 Engine Failure During Takeoff

The engine failure speeds (V]), using maximvm
augmented or maximum dry thrust for the normal
takeoff gross weight range of the airplane, are
shown in Figs. 2-13 and 2-14. The stopping dis-
tance is determined on the basis of using only
serodynamic drag and wheel brakes. The spoiler
segments on the upper wing surface, when used
a8 speed brakes, increase aerodynamic drag and
wheel brake effectiveness. In actual operation,
however, reverse thrust may be used as an addi-
tional braking force. Actuation of .ne reverse
thrust mechanisms on the B-2707 i{s similar to
that of the 707. Reverse thrust is obtained by
actuating the "piggyback' levers on the thrust
le.cre (Fig. 2-15).

If an engine failure occurs after the V] speed has
been reached, the takeoff is continued. Th= high
thrust-to~-weight ratio during takeoff provides an
additional safety margin in the form of excellent
climb performance with one engine inoperative
(Par. 2.4.4). Sufficient rudder countrol {s avail-
able to permit maximum use of maximum aug-
mented thrust while maintaining zero yaw in a
10-knot crosswind at normal rotation speeds.

Table 2-C shows the minimum control speeds on
the ground and in the air. The nosewheel ateering
on the rudder pedals is +5 deg so that effectiveness
under wet or icy runway conditions can be main-
tained. The ground minimum control speed
(Vmcg) for three engines st maximum augmented
thrust i8 132 knots, taking no credit for nose
wheel steering effectiveness. A wet mmway nose
wheel effectiveneas calculation shows that qug
is 118 knots. The critical ¢ngine failure speea
{V1) for 2 maximum gross weight of 675,000 1b is
141 knots CAS.

Figure 2-16 shows the balanced field length break-
down for a standard day, maximum gross weight,
max!mum augmented thrust condition. A summary
of stopping capability for various stopping or de-
celeratirg configurations is shown In Fig. 2-17.

2.4.4 Performance Macgins

4 high thrust-to-weight ratio during takeoff re-
sults in safety margins far in excess of those on
current jet transports. A thrust-to-weight ratio
of 0. 34 is obtatnable at maximum augmented
thrust on the B~2707 for the maximum gross
weight configuration, compared to 0. 18 for the
similar takeoff configuration of a Boeing 707-320
series airplane. The afrplane {8 accelerating at
4.1 knots per second at liftoff during a maximum
groes weight takeoff. From the stall speeds
determined during certification, a stick shaker
warning system will be set for the required mar-
gin above the thrust-off stall speeds. The speed
margin between initial buffet and estimated 1g
thrust-off stall speed in the takeoff configuration
is approximately 5 knots. The speed margin be-
tween the normal liftoff speed and the speed for
heavy buffet or zero rate of climb, thrust on, is
at least 40 knots,

The thrust-off stall speeds are considerably higher
than the zero rate-of-climb speeds with maximum
augmented thrust. Since the airplane is geometry
limited by the ventral fin on takeoff, it is impos-
sible for early or over-rotation to significantly
affect takeoff distance (Fig. 2-18). The V; speeds
shown in Fig. 2-19 are approrimately 10 knots
above liftoff speed as the airplane passes through
35 ft above the ground. The airplane will stabilize
at a speed greater than Vg at a height of approxi-
mately 250 ft, depending on the rotation rate.

Vg + 10 knots is an estimated 4-engine climb
speed based on experience in the 707 and 727 at
comparable thrust-to-weight ratiocs.

The possibility of slush, water, snd foreign ob-
jects being thrown intc Uic enrize inlet from the
wiz2]s during takeoff will not be a problem due
to the shielding effect of the raain flaps forward

of the engine inlets (Par. 2. 14),

2.4.5 Handling Characteristics

The classical dynamic stability requirements deal
generally with the airplane’s handa off response,
or open-loop stability. However, of equal impor-
tance to the open-loop stability is the behavior of
the closed-loop system, consisting of the instru-

V4-B2707-1
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Tobie 2-C. 8-2707 (GE) Minimum Control Speeds

B-2707 (GE)

Minimum Control Speeds - VMC

Sea Level Standard Day

Ground Corditions - Knots CAS

Vue
One outboard engine inoperative

Three engines &t maximum augmented thrust 132
No nose wheel steering 1

One outhoard engine ..operative
Three «..4ine8 at maximum augmented thrust: j 118
With nose wheel steering (wet runway p = 0.16) .

One outboard engine inoperative
Three engines at maximum dry thrust 117
No nose wheel steering ‘

Ome outboard engine inuperative
Three engines at maximum dry thrust in reverse 68
No nose wheel steering :

Airborne Conditions

One outboard engine inoperative
Three engines at maximum augmented thrust 118
Estimated two degree bank angle

{me outboard engine inoperative
Three engines at maximum dry thrust 101
Estimated two degree bank angle

Two engines inoperative on same side
Two remaining engires at maxirum dry thrust . 13»
Estimated two degree bank angle
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Figure 2-15. Center Aisle Control Stend

mentation, the pllot, the control system, and the
airplane. Therefore, it i8 important that the
stability augmentat!on devices augment the closed-
loop system as well as the airplane-iree dynamic
stability characteristics. Consequentiy, airplane
handling qualities as discussed in this document
are definec¢ as the airplane's response charac-
teristics to the pilot's contro! inputs (as well as
the hands off respense to turbulence, trim
~hanges, etc.).

2.4.5.1 Longitudinal Control
Stmuiaicr studies indicate that although the pitch
response is slow, the airpiane is manageable
without augmentation and very gvod with augmen-
tation. An ILS can be flown In rough air or inst-u-
ments 10 present-day minimums with stability
augmentation system (SAS) off using deviation
data only. Consequently, a takeoff with SAS ofi
ig no problem. The flight director also imnroves
the SAS off s{tuation. An improved sttitude indi-
cator {s under development which has increased
plitch and roll attitude resolution. This indicator
will increase considerably the controiiability of
the airplane with SAS off as well as on.

The body attitrude of the airy:lane at l{ftoff is 10 deg
(very similar to 707 and 727 liftoff attitudes).

In areas with noise restrictions, the attitude is
increased tn approximatelv 2C deg during in.tial
climb.

The high angle of attack longitudinal characteris-~
tics and lateral control power at speeds lower
than the stall speed are sufficiently effective for
recovery {rom any stall conditfon. Simuiator
studies show that the addition of maximum dry
thrust at low altitudes prevent any appreciable
altitude loss when recovering from angles of
attack in excess of 25-30 deg.

2.4.5.2 Laieral-Directional Control
The rudder
with an outhoard engine failure during takeoff are
satisfactory. The 2irplane also has aileron and
rudder controls which can easily handle cross-
wirds (n excess of 24 knots, and crosswinds of
10 knots with onc vutboard engine out at the more
critical lighter weigh! conditions (Table 2-
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The maximum rudder pedal icrce ieg 82 lb at maxi-
mum pedal deflection. This level and the initial
pedal force deflection of 50 Ib tox 25-percent
pedal travel was determined from 727 experience.

The airplane is heavily damped in the dutch roll
mode without stapility augmentation and has very
little adverse yaw during (urn entry and exit. The
spiral mode is practically neutral. The roll mode
is also heavily damped. Handling wiih lateral
directional augmestation off is very good.

2.4.6 Departure Air Maneuver

The Phase Il supersonic econemic ground rules
for performance state that the timae aad fuel
required for a 4~-minute cepartuve air maneuver
must be included in all mission plawming. This
maneuver is calculated at 250 knots, §,000 ft aiti-
tude, with the wing swaep angle set at 42 deg.

2.5 CLIMB AND ACCELERATION

2.5.1 General

The climb and acceleration from the end of
takeoif to supersonir cruise altitude is planned
to ensure accepiable nois: levels and
overpressures.

light techniques for clixcb and acceleration axre
conventional, However, the increased perform-
ance of ihis airplane materially roduces the

time apent at the lower aititudes (Fig. 2-20),
Therefore, simplified departure routing is essen~
tial to the efficient operation of the B-2707.

The procedure for this segment of the flight is to
climb at a constant indicsted airspeed to the
transonic acceleration altitude. A cifinb is main-
tained along the sonic boom constant overpressure
profile to final climb, thep the finaj ~limb airspeed
is maintained at the initial cruise altitude.

The transonic acceleration may be accomplished,
depending on the departure routing, so that the
ground overpressure will not exceed some arbi-
trary level such as 2.5 psf, or the airplane can
clirb along the Vyjo/Mpo climb schedule if there
are no sonic boom restrictions. Approximately
3.3 psf overpressure would be generated cduring
transonic acceleration, along the VMo/MMo
climb schedule, with an increase in range. The
excess thruest increasus as tlie airplane reaches
speeds beyond Mach 1.4 (Fig. 2-21), The level
flight thrust required and thrust available plots
(Fig. 2-22) show the speed-thrust stabiliiy typical
of supersonic aircraft. The sharp thrust drop-off

beyon:i Mach 2.8, Jue to the engine inlet charac-
teristics, significantly reduces the tendency of
the airplane to overspeed. The auto-throttles
will be very useful during cruise to maintain the
desired Mach number and furtker reduce the pos-
sibility of overspeed. Auto-throttles may be
engaged just prior to level-off at cruise so that
Mach 2.7 will not be exceeded while the pilot is
setting up cruise altitude. The pilot may also set
the autopilot up to capture the sruise altitude
automatically so that he only needs to monitor
level-off.

The B-2707 has an adequate thrust margin in the
climb, ¢ indicated by the service ceiling mar-
gins shown in Figs. 2-23 and 2-24. This provides
opsrational flexibility with respect to weather and
possible atmospheric temperature variations.
Normal ¢iimb scheduizs are shown in Figs. 2-22
and 2-24 The maxhnum AP = 2.5 psf denotes the
maximum overpressurs obtained during the climb
betwzen Mach 1.1{ and Mach 1.9. The effect of
these climb schedulos on tofal range is shown in
Fig. 2-25.

2.5.?2 Instrumentation

Instrument references are materially improved
over present subsonic iet transports in manual
control during the climb as well as crmiise and
descent. In addition, the CAS overpressure pro-
file and raie-of-climb modes of the autopllot and
flight director system are available to assist the
pliot,

The rate-of-climb instrument can be considered
as an indication of the excess thrust available to
the airplane at a constant true airspeed. Reducing
the rate of climb wili make additional thrust
available (at the same thiust setting), for accel-
craticn, thus trading climb capability for accel-
eration. On this basis, the accurate and instan-
tanecus rate of climb and airspeed information
available from the air data systems are used to
determine progress during the acceleration. The
indicated Mach and true airspeed instruments are
used to monitor the acceleration. Digital read-
outs 2re provided on these instruments to best
display speed and rate of change of spee” and rate
of climb. Research is under way tc delermire
the feasibility of an instrument that combines rate
of climb and speed rate to display a parameter
proportional to net excess thrust.

Additional piiot aids to fly th~ sonic boom 4 P seg-
ments are: (1) A pre-compuied A P flight path
pitch atiitude command signal will be prcsented as
a mode of the flight director; (2) & supporting
situation display which is being considered, may
be employed to receive information from the air

V4-B2707~1
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B-2707 (G.E.)

Taxi Weight = 675,000 pounis
Flaps = 20/L0 degrees
Stapds:d Day ~ Sea Level

V, (Engine Failure) = 141 knots CAS
Spoilers Extended

DRY RUNWAY

4 Enginea Reversed + Brakes '
Brakes Only ___J

DRY RUNWAY, NO BRAKES

4 Engines Reversed

3 Engines Reversed

WET RUNWAY
3 Engines Reversed + Brakes 41
Brakes Only t]

o 1 2 3 4 s

Stopping Distance,
1000 Feet

Figure 2-17. Stopping Capability
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Figure 2-19. Takeoff Climb Capability
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data system and indicates a dot of '"present posi-
tion'" on a Mach-Altitude plot similar to Figs.
2-26 and 2-27. The AP line to be flown is gener-
ated on the display as well as significant speed
and ceiling placards. The display may be time-
shared on a TV scope. The dot has a line through
it to indicate the Mach-altitude rate as a vector.
Flight simulations using sucl a uisplay have
proven its usefulness.

Improved pitch attitude indicators are being devel-
oped to increase the pitch attitude resolution for
better manual control during climb, cruise, and
descent. An increase in pifch attifude sensitivity
(by a factor of 10) on a cathode ray tube (CRT) in
the simulator markedly increases the pilot's
controllability. This is particularly beneficial
with SAS off where the pitch response is slow and
ligntly damped at the high-aititude cruise condi-
tion.

A suitable map display is under study to further
improve the operational efficiency of the flight
crew, particularly during climb and descent. The
map display presents integrated position informa-
tion from the inertial navigation and the VOR/DME
systems. The ability to precisely navigate the

airplane, particulariy for off-course and parallel
course routing, is of considerable importance.
The map display expedites arrivals and departures
and also allows closger control of flight over areas
sensitive to sonic boom. The map diznlay will
also allow precise ILS "turn-ons, ' thus improving
terminal area traffic control efficiency as well as
airplane management by the flight crew.

2.5.3 Placards

The airplane maximum operating and maximum
design placards, along with wing-sweep placards
for the climb, cruise, and descent, are shown in
Fig. 2-28, Since the airplane has considerable
thirust and acceleration capability at the lower
altitude, it is important to adequately protect the
airplane from inadvertent overspeed. A Vyj0,
TMo, and My pointer ("barber --le') is on the
airspeed indicators. In addition to speed, tem-
perature, and altitude these limit indications will
be geoared to the actual sweep angle so that the
applicable VM0, Tpmos or My is always dis-
played to the pilot. An aural warning will be
installed to varn of an overspeed condition. The
warning system also senses roll and attitude
pitch rates as well as speed rates in order to

V4-B2707~1
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Figure 2-27. Moch-- Altitude Display

provide anticipetory warning of 4n incipient over-
speed condition. The wing sveed ana flap placards
are as follows:

The service ceiling limit shcwn in Figs. 2-23 and
2-24 defines airplane performance capability
(100 fpin rate of climb) for the climb weight
resulting from a maximum gross weight takeoff.

Wing Sweep Wing Flap Sea Level The initial buffet bouncary belcw approximately
Angle, Position, Placard Mach 0. 9 is the minimum usable flying speed in
Deg  Deg (Knots CAS)  the conventional sense. Above Mach 0.9, at the
. buffet boundary, the airplane could be in buffet
39 o 290 but viould have the capability of developing & sig-
30 26/40 295 nificantly higher lift ccefficient. The norm=l
_ climb profile clears all buffet boundaries by
30 30/50 195 5,000 ft and ceiling limits by at least 4, 0G0 ft.
42 0 350
2.5.4 Climb and Acceleration Procedures
72 0 375 An operational schedule for the maximum gross
V4--B2707-1
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weight climb and acceleration phass of the flight
is shown in Fig. 2-23. At approximetely 1,500 ft
and as soon as practical after takeoff flaps have
been retracted and the wings swept to 42 deg, the
pllot sets maximum dry thrust. The airplane
accelorates to 350 knots CAS und maintains this
airapeed during the climb to 25,000 £&. At Mach
0. 85 (26,000 ft), the wings are swept to 72 deg in
order to operate at the maximum lift-to-drug
ratio (L/D) over a large range of speeds. This
provides the cptimum climb, acceleration, and
cruise capability. The forebody is also raised to
the full up position at this point. As the afrcraft
approaches Mach 0. 95 (30,500 ft), maximum aug-
mented thrust is applied. The airplane ciimb
angle is reduced slightly ai approximately 40, 000
ft to accelerate along the 2.5 psf sonic boom speed
schedule. The desired overpressure limit speed
schedule is followed out to appreximately 560 knots
CAS (47,500 ft), which is the ciimb speed until
initial cruise altitcle is reached. The climb speed
sckodules are not greatly affected by gross weight.
The initial climb te approximately 30, 000 ft is the
same CAS for ail gross weights in any sonic boom
1imited climb. The final segment is alsounchanged
except for the cruise level~off altitude. Only the
sonic boom limited portion of the climb changes
with gross weight.

2.5.5 Climb Performance

When soric oom restrictions do not apply, such
as over water, a range advantage can be realized
by sweeping the wing to 72 degrees as soon as
practical after flap retraction and foilowing the
VMO/MpMoO climb schedule, Maximum augmented
thrust is aprlied just prior to transonic accelera-
tion. For the B~2707 (GE) maximum gross weight
mission (3, 819 nmi), flying the Mo clir » sche-
duie rather than the maximum 4P = 2, 5 psf climb
echedule, would increase the overall range 131
nmi or reduce the block time by 5 minutes.

On a "hot day, " for a given sonic boom overpres-
sure level, the airplane should accelerate at the
same tapeline altitude as on the standard day.
Therefore, during above standard day tempera-
tures, the airplane is flown at an indicated alti-
tude that is the same tapeline height as the stan-
dard day pressure altitude during the sonic boom
limited segment. The overall mission "hot day"
range adjustment is discussed in Par. 2.6.1.

A rate-of-climb and body-~attitude profile for
AP max = 2.5 psf climb schedule is shown in
Fig. 2-29. Additional ciimb performance for
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Figure 2-29. Rate of Climb and Body Attitude Profile

subsonic and supersonic climb is shown in
Figs. 2-30 and 2-31.

[4
2.5.6 Handiing Characteristics
Longitudinal trim is easily maintained throughoui
the climb profile ({acluding wing-sweep sequence)
using the t-im button as needed or with SAS on,
trim is msintained autcmatically, The SAS sys-
tem provides adequate damping and improved
airplane response at the higher altitudes and
speeds, The SAS also provides essentia'ly a
stick-steering capability in that it tends to hold
the airplane in any given attitude until a pilot
command is inserted. The longitudinal trim
changes during acceleration and wing sweep are
not large and are easily handled with SAS off.

2,6 CRUISE

2.6.1 Supersonic Cruise Procedures and Profiles
The B-~2707 cruises at Mach 2,7, or 500°F stag-
nation temperature, whichever occurs first, The

V4-B27¢7-1
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Figure 2-30. Subsonic Climb Performance

cruise airspeed is 1, 550 knots TAS (553 knots
CAS). Partial thrust augmentation is required
for most of the supersonic cruise missions.

The piloting techniques required during super-
sonic cruise are similar to those used during sub-
sonic conditions. The Mach hold mode of the
auto-throttle is available to assist the pilot in
cruise control when desired. In this mode, the
thrust levers are positioned by tke auto-throttle
system to match engine thrust to the desired
cruise condition,

Supersonic mission profiles are shown for the
maximum gross weight B-2707 in Figs. 2-32 and
2-33. The profiles are shown utilizing a cruise
climb procedure for supersoric cruise, This
procedure under idealized conditions would require
no thrust changes during the cruise. The thrust
setting at initiatior of cruise would cause the air-
plane to climb at a rate of approximately 50 fpm,
By using the autopilot in the rate of climb mode,

e el M, = Agva o

the airplane will fly a profile defining best-ciuise-
altitude for a given mission. Two alternate
cruice procedures are shown in Fig, 2-34.

The total mission range, shown as cruise pro-
cedure A is 3,819 nmi (Fig. 2-34). A range
loas of approximately 1.1 percent results from
using an optimized constant altitude with a step
climb procedure (cruise B ). A range loss of
2.2 percent results from an optimized constant
altitude cruise procedure (cruise C ).

The effect of temperature, altitude deviation, and
wind on range is shown in Figs. 2-35 and 2-36.
The cruise range change with deviation from
best-cruise-altitude plot shown in Fig. 2-35 indi-
cates that the B-2707 would be fairly insensitive
to small altitude variations during cruise. The
small range reductions shown are for an altitude
deviation for the entire cruise portion of the mis-
sion. It is also shown that the beat cruise altitude
covers a band of approximately +500 ft.

During operation at above standard temperatures,
the B-2707 flies at a2 reduced Mach number soas not
to exceed a 500° F stagnation temperature limit,
An adjustment is provided on the auto-throttle
Mach hold system for this condition, If the com-
plete mission shown in Fig. 2-32 were flown in
scandard +18° F conditions, the total range would
be reduced by 369 nmi (9.7 percent range reduc-
tion). It should be noted (Fig. 2-36) that in the
case of the hot-day mission, approximately

72 percent of the range loss is during the cruise
condition. The values shown in this figure are
based on a pilot's typical-mission plan for standard
day conditions and the actual flying of the complete
mission in a standard +18° F environment. For
the pilot to fly to his original destination, he would
be required to use 38 percent of his reserve fuel.
As shown in Fig. 2-37, a standard +18°F condition
at altitude is very unusual, A hot-day at both
altitude and sea level seldom occurs.

Typical average fuel flow during supersonic cruise
is 25,000-1b/hour/engine. Fuel management is
comparable to current jet transports., Normal

fuel management consists of using all the auxiliary
tank fuel (1A, 4A, forward, and aft auxiliary), and
then main tank fuel (1, 2, 3, and 4) for the remain-
der of the flight. Figures 2-38 and 2-39 show the
sequence of fuel management for typical missions.
No transfer is required to prep. e for slowing
down {o subsonic flight, Fuel temperatures will

be monitored in a manner similar to existing prac-
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Figure 2-31. Climb Performonce (Max. \P - 2.5 PSF Schedule)
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Max, Design

Taxi Weight = 675,000 lb

OEW = 287,500 Ib

Payload = 50,000 lb Climb
Wing Area = 9,000 ft2 APpax
Engine = GE4/J5P

Airflow = 600 lb/sec

Std, Day, Zero Wind

Phase III Rules @
Block Time = 3.319 hr

Block Fuel = 292,18ilb

1, Taxi Out

2, Take Off (S.L. to 35 ft)

3. Acceleration to Climb Speed
4

. Departure Air Maneuver
(250 kn EAS and 5, 000 ft)

Acceleration and Climb

(5]

6. Supersonic Cruise Climb

Deceleration & Descent
(Cruise Alt to 1,500 ft)

9. Destination Air Maneuver
(Approach & Landing Allow-
ance, 250 kn EAS at 5,000
ft). WT = WT at (8) - 5%

bleck: fuel
10. Taxi In
TOTAL MISSION
Reserves

A. 5% Block Fuel

B. Missed Approach (Clinib
S.L. to 1,500 ft)

C. Climb from 1,500 ft sub-
sonic cruise, descend to
S.L. at alternate (300 st mi)

D. 20 min hold at 15,000 ft
over alternate

TOTAL RESERVES
TOTAL FUEL

=2,5 psf

@e
® ®

Fuel
Burned,
(1b)
4,060
4,150
4,790

4,000
86,200
181,991

2,330

2,940
(1,720)%
290,461

14,609

2,510

20,070

9,850
47,039
337,500

Alt = 61,000 ft

~

M=2.7

@ Cruise Climb
APMAX = 1,88 psf
Weight at
Fuel End of
Remaining, Operation,
(b} (1b)
333,440 670,940
329,290 666, 790
324,500 662, 000
320,500 658, 000
234,300 571,800
52,309 389,809
49,979 387,479
47,039 384,539
369,930
367,420
347, 350
337,500

*Fuel burned not included in mission fuel; for D.O.C. only

Figure 2-32. B-~2707 (GE} Intercontinental Supersonic Mission

V4-B2707-1

Alt = 68,000 ft

@ Descent
APMAX =1,66 psf

°*®

Time, Distance,
(hr) (nmi)
0. 167 -
0.010 -
0,024 5.0
0.067 --
0.467 381
2,085 3,227
0.333 206
0.083 -
0.083 -
3.319 3,819
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Max. Des M=2,7 Alt, = 68,100 ft
Taxi Weight = 675,000 1b Alt, = 61,000 ft ®
OEW = 285,000 1b Climb Crulse Climb D;scent_
Payload = 60,000 1b AP - 2.5 psf A;“ se ~ 187 vst A MAX"1“65 psf
Wing Area = 9,000 ft2 MAX " “-°P MAx ~ O P8
Engine = PWA JTF17A-21B @e *®
Alrflow = 687 lb/sec
8td. Day, Zero Wind ONONO); o
Phase IIT Rules
Block Time = 3.352 hr Weight at
Block Fuel = 298,162 Ib Fuel Fuel End of
Burned, Remaining Operation, Time, Distance,
Ib Ib Ib hr nmi
1. Taxi Cat 2,940 337,060 672,060 0.167 -
2. Take Off (S.L. to 35 ft) 4,476 332,584 667,584 0,010 -
3. Acceleration to Climb Speed 4,982 327,602 662, 602 0,043 10
Departure Air Maneuver
(250 kn EAS and 5, 000 ft) 3,225 324,377 659, 377 0,067 -
5. Acceleration and Climb 94,875 229,502 564, 502 0. 558 412
6.  Supersonic Cruise Climb 182,094 47,408 382, 408 2,015 4,120
7. & 8. Deceleration and Descent
(Cruise Alt to 1,500 ft) 2,010 45,398 380,398 0.326 196
9, Destination Air Maneuver
(Approach and Landing
Allowance, 250 kn EAS at
5,000 ft). WT = WT at (8) -
5% block fuel 2,280 43,118 378,118 0.083 --
10. Taxi In (1,780)* 0.083 --
. TUTAL MISSION 296,882 3,352 3,738 i
Reserves
i A. 5% Block Fuel 14,908 367,210
3
! B. Missed Approach (Climb
: S.L. to 1,500 ft) 2,230 360,980
: C. Climb from 1,500 ft sub-
sonic cruise, descend to
P S.L. at alternate (300 st mi) 18,010 342,970
| ’ D. 20 min hoid at 15,000 ft
over alternate 7,970 335, 600
TOTAL RESERVES 43,118
TOTAL FUEL 340,000
*Fuel burned not included in mission fuel; for D, 0, C. only
Figure 2-33. B-2707 (PEWA) Intercontinental Supersenic Mission
V4-B2707-1
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Figure 2-34. Supersonic Cruise Procedures

tice, except the normal change wiil be a tempera-
ture rise, rather than drop. In the event of a mal-

function causing abnormal fuel temperature rise, the
situation can normally be rectified by slowing down.

2.6.2 Subsonic Cruise Procedures

The long-~range subsonic cruise speed is Mach 0. 85

with a wing-sweep angle of 42°. The B-2707 (GE)
at maximurn taxi weight, fiown subsonically for the
complete mission, has a range of 3, 286 nmi, The
B-2707 (P&WA) at the same taxi weight, flying a
completely subsonic mission, has a range of

3,870 mi. The procedures used for subsonic
cruise are the same as used on current jet
transports.

2.6.3 Cruise Flexibility
The B-2707 is compatible with the traffic control
‘equirement of sonic boom restriction areas and
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Figure 2-35. Off Design Pange Effects

traffic conditions which require subsonic operation.
Consequently, the B-2707 is adaptable to varying
r~ute structures,

The B-2707 (GE) range trades for split missions
(part subsonic and part supersonic) are shown on
Fig. 2-40. The range reduction for a 400-nmi
subsonic leg at the beginning of the mission is

63 nmi (1.6 percent of the total range). A sub-
sonic leg of equal distance at the end of the mis-
sion will result in a slightly larger range reduc-
tion of 104 nmi (2.7 percent reduction).

The B-2707 (P&WA) range trades for split mic-
sions are shown in Fig. 2-41., The complete mis-
sion range is unchanged with a 400-nmi subsonic
leg at the beginning of the mission. A range re-
duction of 40 nmi (1.1 percent range reduction)
will result when a 400-nmi subsonic leg is flown
at the end of the mission.
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Figure 2-36. Effect of Non~Standard Temperoture on Range

A summary of B-2707 performance data may be
found in Airplane Performance, V2-B2707-4,
(GE engines) and Airplane Performance,
V2-B2707~5, (P&WA engines).

The B-2707 has excellent domestic operational
capabilities. By flying an initial subsonic leg of
approximately 900 nmi, a mission can be accom-
plished without exceeding an overpressure of
2psf during climb and 1. 5psf during cruise at
Mach 2.7. The initial gross weight for such a
mission is 600,000 Ib and the total range is
2,525 nmi. The zero range loss portion of the
curves shown in Figs. 2-40 and 2-41 represent
the normal distanre increment inciuded in the
supersonic mission range (3,819nmi, GE or
3,738nmi, P&WA) from liftoff to Mach 1.0 in
climb or from Mach 1.0 in descent to touchdown,
The subsonic leg shown in these figures is a com-
bination of the climbh or descent distance dscribed
above as well as a subsonic cruise portion.

-4 o - 4 8 lé 16 20
ATEMPERATURE IN DEGREES F FROM STANODARD DAY

Figure 2-37. North Atlantic Annual Temperature Yariation

2,6.,4 Mid-Point Failures and Emergencies

2,6.4.1 Propulsion Failure

The airplane can be controlled easily with inlet
unstart combines with an engine failure in super-
scnic flight - even with maximum augmented
thruast, which could occur in a final climb segment
(VMo/Mpyo 560 CAS at Mach 2.7). The pilot or
the autopilot can control the situation using mod-
erate elevon deflections. With SAS off, the
pilot’s control inputs are larger for the failed
engine cage but control is maintained with elevon
alone, Credit is not taken for rudder input by the
pilot because the sideslip or yaw angles are small
and the roll angles are more easily perceived,

A fajled engine is placed in the “‘windmill braked’?
configuration during supersonic flight to prevent
overheating. A stator row is positioned to shut
off the air flow through the engine, At subsonic
speeds, the engine is allowed to windmill for
minimum drag,
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The effect of propulsion failure on total range is
shown in Figs. 2-42 and 2-43. In the event of a
propulsion failure, the pilot has the option of
continuing supersonically or subsonically at a
lower altitude. The plots show that the reserve
tuel available on arrival at the original destination
(3,819 nmi) is always in excess of that required
for a 15~-minute hold at the destination.

2.6.4.2 Cabin Pressurization Failure

Blowout of a single passenger window (33. 2 8q in.)
will not be catastrophic. As soon as the cabin
altitude rate-of-change sensor senses the pressure
drop, the boost compressors are switched to the
high flow mode and the cabin altitude warning horn
sounds, With three of {our available compressors
operating, the cabin pressure altitude will not
exceed 7,000 ft, assuming that the pilot begins
emergency descent within 17 ceconds (per current
FAR) of the sounding of the cabin altitude warning
horn. During the descent, cabin pressure altitude
wili stabilize between 6,000 and 7, 000 ft. Simi-
larly, a structural blowout (42 sq in.) which is the
maximur: tear stopper design with only threc air
sources operating will cause cabin pressure alti-
tude to reach a maximum of 13,000 it (Figs. 2-44
and 2-45),

In the event that all engines lose thrust, the cabin
altitude is held to a maximum of 14, 000 ft. This
is accomplished by operating one boost compres-
sor from the engine windmilling drive power
(Fig. 2-46). See Par. 2.9 for further discussion
of abnormal conditions.

2.6.4.3 Loss of Hydraullc System

Loss of one hydraulic power system does not
require any unusual action by the {light crew.
Loss of two hydraulic power systems will neces-
sitate the rewuction from supersonic to subsonic
cruise speeds. Subsonic cruise can be maintained
with the remaining system although maneuver-
ability rates are reduced and wing speed actuation
is slowed to 30 percent of normal operating speed.
A standby hydraulic power system provides 2
backup for landing gear extension and brakes.

With all four engines inoperative, the flight con-
trols are operated by hydraulic power gererated
through the ADS by engine windmilling power
(P&WA engine) or by hydraulic power generated
through the ram air turbine (GE engine). (See
Par. 2.9.8.)

2.6.5 Handling Characteristics

The turn radius associated with supersonic speeds
is much larger than at subsonic speeds. Ina
30-deg bank angle at 1, 550 knots TAS, the B-2707
turns with a 60 nmi radius compa.ed to 9 nmi for
a 600-knot jet (Fig. 2-47).

An important consideration of high Mach cruise is
the ability of the pilot to hold desired altitude.
One measure of this capability is the parameter
N, , which is the vertical acceleration of the air-
plzane for small changes in angle of attack, Air-
planes with large values of Ny, are senaitive and
tend to be difficult to control with regard to rate
of climb or altitude. Lower values produce eastly
managed pitch response and are desirable, espe~
cially in conditions of low damping. Extremely
low values are undesirable since they produce
sluggish response. Rigid airplanes tend {o have
increasing values of N,, with increasing dynamic
pressure. Conventional airplanes with relatively
rigid structure that are capable of flying through
large ratios of maximum speed to minimum speed
tend to have uadesirabic low values at low speed
and over sensitive high values at high speed. Be-
cause of the variable-wing sweep feature, the
B-2707 is able to maintain an approximately con-
stant near ideal level of N,, . The values of N, ,
throughout most of the ﬂigit profile vary between
0.1 and 0.3 g's per deg, which is very similar to
present-day transports at medium operating
speeds. However, at the higher true airspeed,
the flightpath angle change, and subsequently the
airplane's attitude change, is quite small for a
given change in angle of attack.

The effect of higher spead on controllability is

appreciated when one realizes that when a small
attitude change occurs slowly without the pilot's
knowledge, the rate of climb or descent can be-
come quite high and the altitude excursion quite
Targe, even though the attitude change is small.

Consequently, the ability of the pilot to hold
aititude is also intimately related to the quality

and resolution of his air data and attitude indicator.
For this reason, improved pitch and roll attitude
resolution i{s provided along with visual indicators
with a digital readout on air data information so
that accurate speed and altitude information, as
well as rate of change of speed and altitude is
easily perceived,
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The map display and the Mach-altitude display
present essentisl information continuously to the
pllot in a pictorial, integrated, and easily under-
stood form.

The normal handling of the airplane during cruise
presents no problem given the improved instru-
mentation, SAS off characterietics require &
little more pilot attention due to the low damping
about all axes snd some lateral-directional

ocoupling,
2.7 DECELERATION AND DESCENT

%.7.1 Rormal Doscent Procadure and Performance
The normal deceleration and descent schedule
(Fig. 2-48) has been planned with the following
primary considerations:

Operatioral simplicity and safety

Overal! mission range and blocl time
Minimum practical svric koom

300 fpm (maximum cabin rate of descenr)

The B-2707 cun slow down at an)y time witlout fuel
transfer or cg manipulation. The cabin altitude
at the end of cruise is approximately 6, 100 ft.

The airplane starts to descoad -t r congtart cal -
fbrated airspeed, essentiaily the same airspeed
held at the end of cruise (480 knois CAS for nor-
mal mission) (Fig. 2-48). The 72-deg wing sweep
is maintaired untdl the airpiane decalera‘es *
subsonic speed. The maximum sonic boom over-
pressure generated in a normal descent 18 1. tpsf.
The descent is flown using the same aids as were

-used for tbe ciimb. The airplane becomes sub~

sonic at 44 500 ft, The airpiene deacends sub-
sonically in & manver similar to currant jet trans-
ports. Tha wing is normally atarted forwavd at
Mach 0.8 or 183 to end up at A2 deg. The wing
eweep scheduls ia shown in Fig. 2-48. The
descent times and distances are sbosm in

Fig. 2-48. The deacent profile will change very
little with variations in gross weight,

A rapid deacent can reduce the block time by
5 minutes, but it can also reduce the vverall

range by spnroximately 31 miles. The airplane
would go sul:cajc within 48 miles of the terminal
atea, compared to 80 miies out {or the normel
descent. The rapid Aescent {8 flown using the
normal descent achedule, but with eariier deploy-
ment of spotlers and landing gear.

2.7.2 Holding

From an economy standpoint, the flight ahould
desocend to subsonic conditions once the descent
bas bson atarted, Holding, i{f required, should
be planned for subsonic spesds at lower altitudes.
Holding would be accomplished at eltitudes of
appruximateiy 15 to 30,000 ft, 280 knots CAS,
and a 30 deg wing-sweep angle.

2.7.3 Emergeucy Descent Procedure and
Performance

The emerguncy descent is based on the following

consideratic-s:

e Blowout srea .imited to 42 8q in. by tear
stopper design (window area 33. 2 aq in.)

¢ 17-second delay for crew mask donning and
pas~enger saat belt security

’ MM;?/"' flight profile with maximum
lo md{ggl deceleration limited to 0.5 g

¢ Alircraft level-off altitude 14, 000 ft

s  Spoilors extended full up throughout the
Jescent and the landing gear {s extended at
its subsonic placard,

Tt.e My 5/ Vo Profile (Fig. 2-48) is flown using
the i r—pﬁe pointer on the airspeed indicators
very similar to current practice. Additional aid
is provided by the Mach-altitude situation display.
If 2 My o/ VMo emergency descent is initiated at
the top of the gul climb (570, 000 1b), a maximum
descent overpressure of 3. 22 psf results. The
maximum rates of descent and body attitudes
occur at lighter weights as shown below:

Max Rute Max Body
Descent Attitude
(fom) (deg)
Trd of ¢limb
gross weight
570,000 1b v, 000 -1.5
End of cruine
400,000 id 12,000 -5

The body attitudes arc miid comprr. i to currert
subaonic transports wkich nose down near;,

20 doy in an emergency descent. Iigure 2-45
shows the cabin altituGe profile du™isg an erer-
goncy descent.
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2.7.4 Performance Mdrgins

The initial buffet speed margins in the descent
are excellent and provide a high level of safety
(Fig. 2--48). The airpiane h s a minimum maneu-
vering capability of 0,5 g before initial buffet
during descent.

The normal mission descent schedule is shown at
least 1, 500 ft below the service ceiling so that the
airplane can level off and hold speed at any time
should traffic or weather conditions require.

2.8 APPROACH AND LANDING PROCEDURE

The B-2707 has excellent landing characteristics.
Landing speeds and field lengths are similar to
those for subsonic jets. The flight deck attitude
on approach is approximately one degree. This
is less than the 707 and results in excellent
forward vision, The reverse thrust system
effectively reverses 50 percent of the forward
thrust or approximately 26, 000 1b per engine.
The high level of reverse thrust from the large
engines yleld a very comfortable safety margin
for landings on wet or icy runways. The high
lift-to-drag ratio in the approach corfiguration
permits low approach thrust settings, which
result in very low noise levels. The relationship
of thrust and drag is stable on approach so that it
is easy to hold approach speeds and glide angles
(Figs. 2-50 and 2-51).

2.8.1 Normal Approach and Landing Procedure
The wings are swept forward to 42 deg during
descent and to 30 deg prior to approach, Flaps
are extended with the wings at 30 deg prior to
final approach where full flaps and gear are ex-
tended. Inflight spoilers and landing gear which
can be extended (270 knots) and retracted

1250 knots) give the pilot the ability to slow down,
hold, and regulate speed and descent rate as
desired by the traffic controller (Table 2-D).

2.8.1.1 Approach Speeds and Margins

The normal approach speed for full flaps is 1.3
times stall-speed. It is well above the speed for
minimum thrust; the speed can thus te held very
easily with a minimum of thrust lever
manipulations.

Figures 2-50 and 2-51 show the thrust required
and thrust available versus speed on approach.
The approach speed is on the stable sice of the
thrust reguired curve.

Table 2-D shows the deacent capability with idle
thrust for making large corrections in flight path
angle prior to or during approach. This provides
considerable operational flexibility and illustrates
the airplane's capability for fitting into terminal
area traffic patterns.

Another ractor that is important to the pilot,
particularly during approach and landing, is the
engine acceleration charactzeristics. Figures
2-52 and 2-53 show an engine acceleration time
of 4.5 seconds from idle to 95 percent maximum
dry thrust. Time from approach thrust to

95 percent maximum dry thrust is only 2.5
seconds,

A comparison of the B-2707 and the 707-320 ap-
proach performance for various thrust settings
is shown in Figs. 2-54 and 2-55,

2.8.1.2 Landing Field Lengths

Thne landing distances are comp-rable to present
day jets (Fig. 2-56). The excellent reverser
effectiveness and the rapid engine acceleration
characteristics provide distances comparable to
dry runway (brakes only) landing distances for
very wet or icy runway conditions, At maximum
landing gross weight with 3 engines, the wet run-
way FAR field length is 7, 200 ft.

The normal landing weight at the end of the inter-
continental mission is 384,000 1b. At this weight
the approach speed for flaps to 30/50 deg (stan-
dard day, sea level), is 126 knots CAS and the
FAR field length is 6, 280 ft (no reverse thrust)
{Fig. 2-56), A Boeing 707-320-series airplane
at maximum landing weight would approach at
137 knots CAS, and has a FAR field length of
6,060 ft. The actual landing distance required to
clear a 50-ft obstacle at a landing weight of
384,000 1b, utilizing 4 engines in reverse thrust,
is 3,300 ft. A summary of landing performance
for dry and wat runways is shown in Fig. 2-57.

2.8.1.3 Community Noise Levels

On current subsonic jets the major ssurce of
noise is the compressor whine. On the B-2707
inlet airflow, choking is used to achiev: com-
pressor noise suppression. During the approach,
ccmpressor neise is eliminated as a contributor
to the totzl noise (Ref, Airpart and Community
Neise Program, Vi-B2707-4). Figures 2-58 and
2-60 show the resulting noise levels and contours
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experienced in the community, 1 mile before
threshold, using a flap setting of 20/40 deg and a
constant approach speed.

A furthsr reduction in noise will result if the fol-
lowing approach is used: flaps 20/40 deg down to
approximately 500 ft height at normal approach
apeed plus a given speed increment, reduce
thrust and start extending flaps to 30/50 deg, then
increase thrust at an altitude of 300 ft after de-
celerating to normal approach speed. Trim
changes are guite small due to the small thrust
and speed change required. The attitude during
approach {s the same as that for a normal ap-
proach. On an ILS approach this procedure may
be accomplished using the autopilot and auto-
throttles; however, it can also be handled by the
pilot using the flight director and auto-throttles.

For a VFR approach, the procedure is feasible
using manual throttles, because the airspeed rate
information will assist in reseiting approach
thrust. Community noise profiles and contours
for tua decelerating approach are shown in

Figs. 2-59 and 2-61.

The versatility of the B-2707 during approach is
illustrated in the noise trade plots, Figs. 2-62
and 2-63.

2.8.2 All-Weather :.:~“ing Capability and
Procedure

2.8,2.1 Introduction

The B-2707 will be certified for landing in weath-
er minimums of 706 ft runway visual range (RVR).
To achieve this goal a fail operational automatic
flight control system, with the capability of con-
trolling the airplane to touchdown, is installed,

A fail passive auto-throttle system is installed to
control the airspeed on the glide slope and to
reduce thrust for landing.

The fail operational flight control system czn sus-
tain one failure and continue to operate without a
degradation in performance. A second failure
will result in a disconnect without disturbing the
flight path of the airplane.

The thrust control does not demand the same
degree of attention as the flight controls., There-

fore, the automatic throttle system is a dual sys-
tem designed so that a failure will cause a dis-
connect and warn the pilot without disturbing the
thrust setting.

2.8.2,2 Operation

The automatic flight control system includes a
mode selector panel mounted below the center
glare shield and a steering control panel on the
center aisle stand. The steering control panel
gives the pilot his choice of heading select or
bank angle control and verticel velocity control.
The auto-throttle controls are adjacent to the
mode selector.

The operation of thz automatic flight control sys-
tem can be monitored by observing the approach
progress display above the ADI. This display in-
dicates the mode of operation on lights which turn
amber when the system is armed, and green when
the system engages. The modes displayed are
localizer, glide slope, flare and go-around.

Instrumentation for monitoring the performance
of the system is displayed on the AD]I. Raw data
localizer, glide slope, altitude and speed from
the selected valuee are display.d on this indica-
tor, in addition to flight director commands and
roll and pitch attitude. Vertical velocity is dis-
played on an adjacent instrument. Combining
data on the ADI and grouping instruments pro-
vides the pilot with a complete situation and
veiocity display within his cone of vision.

Pilot procedure for operating the all-weather
landing system is similar to the procedure for
operating the systems presently certified on the
707 and 727 airplanes.

Maneuvering, in response to ground radar in-
structions can be accomplished with either the
turn centroller or the heading select control.

The auto-throttle system will maintain the desired
airspeed. The radio control panels for frequency
selection are located adjacent to the autopilot
w.ode selector panel. This selector also supplies
information for the ADI. The course selectors
for selecting ILS courses are located on the auto-
pilot mode selector panel so that the complete
approach situation can be made with one position
of the hand.
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Table 2-D, Descent Rates
B-2707 (GE)
Gross Weight at Beginning of Descent = 400, 000 b
Thrust = Idle i é
Standard Day Dy
Rate of
Flaps Landing Ve Altitude, Descent,
Degrees Gear Spoilers kn ft fpm :
|
0/0 Up Down 240 4000 1,670 !
0/0 Down Up 240 4000 6,090 *ﬁ
[ 48
5/5 Up Down 240 4000 2,489 -
5/5 Up Up 240 4000 6,075
20/40 Down Down 180 Sea level 4,095
20/40 Down Up 180 Sea level 6,080
30/50 Down Down 180 Sea level 5,480
30/50 Down Up 180 Sea level 7,465
30/50 Down i Down 135 Sea level 2,155
|
30/50 Down l Up 135 Sea leve! 3,610
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Figure 2-54. B-2707 (GE) Landing Approach Performance
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Figure 2-59. Lending Noise With Abatement (GE Engine)

V4-B2707-1




. et e

Figure 2-60. Londing Noise Contour With Abatement ( P & WA Engine ! /

TUTY Figure 2-61. Londing Noize Contour With Noise Abatement (PEWA Engine)

V4-B2707-1




155

Leo

+ .
A : .
. ! : ! .
SR
\
t H - -
!
: ! :
i S v ]
' ;
! :
! .
O QR

145
APPROACH SPEED , KNOTS CAS

Figure 2-62. B-2707 (GE) Landing Noise Trodes
Vv4-B2

o0 AT

t—-

0

[

140

130

NOTE : FLIGHT DECK ATTITUDE b
135

Y

s 5 2

.‘ 1334 000! * HIONTT S = = =
Q1314 ONIONV1 ¥v4 qPNd * 3SION HOVOUddY




F.AR. LANDING FIELD
LENGTH ,1000 FEET

PNdb

]

APPROACH NOISE

120

15

110

105

R R R S SR .afia.m’zs (P.AW)

suumno DAY » SEALE!IE.L
DRY RUNWAY

APPROACH: GROSS . WE.IGHT 3 37§ m LB

3 DEGREE: GLIDE SLOPE .

FLAPS £ 20" 40"

ABOVE HORIZON

' ¢
i

i |

! !

! !

{ :

BODY ATTITUDE S o

FLAPS £20°740"

NOTE: FLIGHT DECK ATTITUDE : BODY ATTITUDE -& DEGREXS

e
. F

130 135 140 145

Figure 2-63. B-2707 (PEWA) Londing Noise Trodes

V4-R2707-1

150

_i
155

e Suele

]



L2

e

R . R

The land position on the mode selector panel is
selected prior to intersecting the localizer. The
localiger, glide slope, flare and go-around light
on the approach progress display is amber in the
arm oondition. After selecting the land mode the
heading select control is used to maneuver the
airplane until it reachss tho desired position to
begin the localizer capture, After localizer cap-
ture, the VOR/LOC light or the approach progreas
display turns green and the system automatically
captures and tracks the localizer. When the air-
plane intersects the glide slope beam, either
foom below or above, the systen.s automatically
capture and track the glide slope. The glide
slope light will change from amber to green.

At a flave altitude of 75 ¢, the flare light turns
from amber to green and the flare coupler con-
trols the airplane to touchdown.

The pilot follows norinal gear and flap procedures
and selects the desired airspeed on the auto-
throttle control parel. The auto-throttle syatem
bolds the desired airspeed until flare. During
flare the auto-throttle system reduces airspeed
as a function of altitude.

Flight tests on the 707 airplanes have shown that
de-crab prior to touchdown is not required for
crab angles less than 10 deg. However, manual
de-crab 's possible through the rudder pedals,
because the autopilot and stability augmentation
signals are {ntroduced to the rudder through a
series of actuators, Runway rollout is controlied
manually.

The automatic flight control svstem has a go-
around mode which can be initiated, after arming,
by a switch on the throttle levers. The go-around
system rotates the airplane for climbout with a
minimum altitude loas after initiation of the go-
around. Throttle control is manual during go-
arcund mode.

The automatic flight control system and the auto-
throttle system control the airplane to touchdown
in the atmospberic conditions specified in the
current FAA standard and maintain the girplane
within +35 microsmps (1/2 DOT on the ADI) or
12 &t of the glide siope, 2.8 fps 1 fps at touch-

down, 220 microamps (1/4 DOT on the ADI) of the
locslizer beam and, +3 knots of the seiected
speed. . deteiled diacussion of the automatic
landing system capability is contained in the
Flight Contrcls and Hydraulics Subgystem Speci-
fication, D6A-10120-1. (See Fig. 2-64.)

2.8.3 Go-Around Capability

The 4- and 3-engine wsve-off or aborted landing
capability at maximum landing weight, and the
minimum control speed for this condition is shown
in Fig. 2-65. Less than full rudder will be re-
quired in the event of a go-around with one engine
out. The 3 engine rate-of-climb is impressive
evan with landing fiaps. Climb gradients in excess
of 9 percent are avallable at maximum landing
weight with 3 engines at maximum dry thrust.

Z.8.4 Handling Characteristics

The low speed pitch characteristics in the landing
configuration have been studied on the Boeing and
NASA-Ames simulators. Angles of attack up to
%5 deg have been accurately simulated along with
estimated effects out to 50 deg angle of attack.
The most recent data indicates the C;, maximum
is vaached without stick force reducing to zero.
Beycn Cy maximum, a very minpor pitch-up is
noted whhlﬁ\ can be easily checked at any point
with sn:2'l nose-down elevator application, The
fact that t..: airplane is coitrollable to all anglea
of attack u> to 40 deg indicates that there is ro
"deep stall"” nroblem,

The trim changes due to flap extension, sweep
angle variation, and spoilers are shown in
Table 2-E in terms of elevon deflection. The
trimming required durizg normal cperation is
very small. The SAS ma.ntains longitudinal
trim thus relieving the pilot f [reguent trim

changes,

The lateral-directional dynamic stability and
handling characteristics of the B-2707 zve cor-
siderably better than present-da;, commercinl
jete. There is practically ao dutch roll eviden:
in approach and landing configurations. The air-
plane shows very littie tendency to sideslip or
yaw adversely during tu.n entry, The dihedral
efiect i3 very low 8o ro rolling motion is gener-
ated by the slight adverse sideslip. Roll damping
is gond,
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In addition, the SAS off characteristics appear to
be satisfactory in that no difficulty is encountered
in performing an ILS on instruments to touchdown
with deviation data alone. Turbulent weather
conditions may dictate an SAS off ILS limit cf

100 or 200 ft. However, flight director assis-
tance is of some value in this remote situation
which occurs after three failures,

The airplane handies wzll in crosswinds because
of the low dihedral effect and the effective rudder.
The low gide force characterictic is also favor-
able in crosswinds because it reduces cross track
drift during the de-crab maneuver.

A maneuvering capability of 1.5 g is available
during approach, and the landing flare and touch-
down {8 normally accoraplished with a body atti-
tude change of 1- to 2-deg nose up. The touch-
down occurs at an attitude of approximately 7 deg.
The ground interference body angle is 11.5 Geg
with the landing gear struts extended. Simulator
studies show that the flare characterislics of the
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Figure 265 Go-Around Capebility

airplane with SAS off are sluggish, but no diffi-
culty was experienced accoinplishing normal
landings. The necessary attitude change is smalil
because of ground effect so that the s.uk rate is
readily arrested with small eleven ceflection

§0- to 100-£ above the ground. This compares
with a similar elevator input at 60 ft above the
ground for the 707-320,

2.8.5 Landing in Non-Standard Cenditions

The landing performance of the ®-3707 is much
less er:tical to ron-standard conditions than
teday's suoscnic jets  The effects of high sinbient
temperature and landing on wet or 1cy funways
are discussed in the {ollowing paragraphs.

High temperiture causes an increase in approach
true zirspeced, at the normal approach cailbrated
airzpeed, which incivases field length and braking
recairemenis in the same degree as for subsonic
jeis. Available go-arcund thruist is also less on

a hot day. hut it 18 more than adequate for safe
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Teble 2-E, Longitudinal Trim Chonges

Configuration  Parameter Ay, Trim
tuitis]l Trim Conditions Change Field Constant (ﬁunge
Fwdcg | Afltcg
58% Cr | 625 Cg
Configurstion Speed Thrusy Flape {Degree) | (Degree)
Maximum Landing | 1.4 Vs off | Up Extend iand- |1.4 Vg -10.4 -1.5
Weight A, o = 30 ing flaps
' . LE {189.5 kn)
1.4 Vg Off | Landing | Retract flaps {1.4 V +10,4 +1,5
(157 kn) flaps
1.4 VS off | Up Max augmen-}1.4 VS +2,0 +2,0
ted to takeoff
(189.5 kn) hrust
1.4 VS Off { Landing | Max augmen-| 1.4 \-’S +2,5 +2.5
{157 kn) flaps ted to takeoff
v thrust
1.4 VS off Gear down Speed Negligible
(157 kn)
.3 VS Oft Max dry
- thrust Altitude +12,2 +3,3
({145.8 kn) Retract flaps
= max L/D
L4V, Off Speed change | Altttude -5.4 -1.25
(157 kn) : tol.l\s
(123 kn)
LV, ott Speed Altituge +5.9 3.23
(157 k) i‘.unges to
. FE
‘ $ (195 kn)
Gross Wéight = Vv =230 kn On | Up Sweep wing Maintain G
£27,066 Ib € oA, climbout {cg 59 | -2.5
- . .. . = scceleraiion C)
NS W degrees | (l.4 Vg =20 72° (AV = 115kn R
V4-B2707-1
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operation, cven on three engines without thrust
augmentation. No change in operating technique
results from "hot day" conditions.

Thrust reversers are used to compensate for
reduced wheel brake effectiveness on wet or icy
runways. The distance over a 50-ft obstacle on a
wet runway with four engines in reverse thrust is
slightly less than the normal dry runway FAR
field length. The reverse thrust is very respon-
sive and effective, and convenient to the pilot.
Thrust reversers, ground spoilers, and available
wheel braking are initiated after touchdown with
the airpiane in a three-point attitude. Full
reverse thrust is maintained down to 60 knots,
Reverse thrust is used at reduced engine rpm
below thig speed,

2.9 ABNORMAL OPERATIONS
Propulsion and cabin pressurization failure con-
ditions are discussed in Par. 2.6.4.

2.9.1 Three-Engine Landing

Normal approach und landing techniques and
speeds should be used on three-engine landings.
Fartial reverse thrust should be used; full reverse
thrust may be used on svmmetrical engines.
Adequate directional control is available with nose
wheel steering after touchdown to relatively lew
taxi speeds, This conditien is further discussed
in Pars. 2.8.1.2 and 2.8.3.

2.9.2 Wing ~eep System Malfunction

The wing sweep actuating system has three inde-
pendent hydraulic power sources and incorpe rates
dual structural load paths and dual actuating
torque tubes. One hydraulic motor will drive the
wing swing sweep at 1/3 speed. Failure of the
wing sweep mechanism is, therefore, considered
very unlikely,

Landing the B-2707 with the wings swept aft

(72 deg) is very similar to landing a present-dav
subsonic jet with the flaps retracted. The recom-
mended approach speed for a Boeing 707-320 for
a flaps~up approach on a J-aeg glide slope is
approximately 180 knots, The B-I707 may 5p-
proach with the wings 72 deg at 205 knots. To
minimize the approach speed, fuel is used or
jettisonad to reach a wings-aft landing weight of
350,000 1b, With the wings in the 72 deg position.
no trailing edge flaps and only the leading edge
strake slat is extended. Positioning the alternate
slat lever extends the inboand slats to 25 deg and
increases available rudder to 12 deg. Longitudi-

nal dynamic stability is similar to that of current
subsonic jets during their normal landing ap-
proach, and no longitudinal stability augmentation
is required. Without stability augmentation,
dutch roll damping is similar to that of the unaug-
mented subsonic jets, The augmented B-2707 is
considerably better than current stability aug-
mented subsonic jets because the turn coordinator
and yaw damper will aid in maneuvering the air-
plane by eliminating induced sideslip during turns
and rough-air flight conditions.

Maneuvering load factors up to 2 g can be attained
at 205 knots for the forward cg limit case, which
is more severe than at normal cg. A large mar-
gin of excess thrust is available at this approach
speed. The variations of thrust and drag with
speed are slightly unstable; however, simulator
tests have shown that glide slope control is not
difficult. With wings aft, standard day, we! run-
way, the landing distance over a 50-ft obstacle is
6,020 ft when utilizing 4 engines in reverse
thrust (Fig. 2-66).
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Electric sensors on the wing pivot, flaps and

slat positions. sense motion at symmetrically
opposite Jocations on the airplane. An electrical
comparator is conuected to a hydrauiic system
ior asymmetric pro’ ction. Manual override is
provided for malfunctions of the wing sweep
asymmetry protection. A separale sensor is used
for measurements at each aurface for flight deck
instrumentation,

The wing sweep programmer controls the wing
sween drive unit and schedules the translation of
trailing edge flaps and partial axtension of the
ieading edge slets. If the wing sweep fails to move
because of an asymmetry control trip, it can be
overridden by the wing sweep asymmetry over-
ride switch, The procedure is as follows:

a. Use normal sweep speed schedule,

b. Select desirea sweep cortrol lever
position.

c. Move wing sweep asymmetry overrile
switch to desired fore or aft position. (This
switch i8 spring loaded and must be held until the
sweep matches the position called for by the wing
sweep lever.)

d. Monitor the pilot's control wheel and wing
sweep indicator for normal roll response.

2.9.3 Loss of Stability Augmentation

The unaugmented B-2707 is flyuble throughout the
operating range without stability augmentation,

In the regiong where instrument requirements are
the most stringent, namely area departure,
climbout, subsonic cruise, arrival, approach,

and landing, the unaugmented B-2707 is slightly
more siuggish in pitch and similer in lateral-
divectional characteristics to current large jet
airplanes. The stability augmentation system
refines the airplane free dynamic stability and
handling qualities, These refinements are
easured even with a single augmentor failure,
Triple augmentstion channels are provided in
pitch, roll, and yaw axea, A fourth electronic
chanpel is provided in the pitch and yaw axes.

If a channe! fails, the augmentation authority

will not be reduced. Since the gain in the remain-
ing channels will be stepped up to compensate for
the l.s3, The first fallure of a single system does
not disengage the 5AS, but the fajled gystem auto-
matically shuts off, A second failure will diszen-~
gage the SAS, but the airplane will remain in trim,

2,9.4 Three-Engine Ferry

The three-engine-ferry takeoff analysis shows the
abllity of the airplane to take off on 3 engines at
maximum dry thrust at a weight of 550, 000 1b
with a. FAR field length of 9,200 ft, At this take-
off weight the B-2707 (GE) will have a subsonic
ferry range of 2,640 nmi. This range is based on
having no payload for the flight. The subsonic
cruise would be conducted with a wing-sweep an-
gle of 42 deg at Mach 0,85. The cruise altitude
would be approximately 35, 000 ft. In actual prac-
tice, when rudder becomes effective (Table 2-B),
the 3 engines could be brought up to an augmented
takeoff thrust setting during the ground roli,
improving takeoff performance considerably.

2.9.5 All-Engine Out Operation

The B-2707 Mygpor normal descent schedules
may be used in the four engine inoperative flight
condition. These schedules superimposed upon
the engine relight envelope are shown in Fig,
2-67. The figure indicates that an englne relight
is possible at any point along the descent sched-
ule, with windmilling engines and with or without
boost pumps (GE). It may be necessary to de-
scend helow the normal schedule for engine
restarting with the P&WA engines (Fig. 2-63).

The P&WA engines provide aGequate windrilling
power down to and including landing fiare, should
all engines fail. The GE engines provide suf-
ficient windmilling power dcwn to an alrsyeed of
Mach 0.75. Below this speed, supplemertary
Lydraulic power is provided by means of a ram
air turbine,

Electrical power, except for engiie ignition, is
provided by a battery-inverter combinstion.
Engine ignition is supplied from a separate pow-
er supply which is capable of developing suf-
ficient power from the generators at windmil-
ling speeds.

The P&WA engines provide the means to distri-
bute the hydraulic loads tc obwain cptimum usage
of the hydraulic power available from ths wind-
milling engines during the all-engine out situa-
tion. The hydraulic loads are distributed among
the three hydraulis systems by selectively clos-
ing the electrical shutoff valves in two of the
three power systems on each of the flight power
control units, This is accomplished by the ALL
ENGINE OUT HYDRAULIC POWER switch on the
aft end of the aisle stand which is in series with
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Fiqure 2-67. B-2707 (GE) Engine Restart Schedule

the normal control circuits to the shutoff valves
in the power control units.

The air-turkine-driven pump is connected to
system B hydraulic supply and pressure lines to
provide supplementary hydraulic power during
the all-engine out situation, The turbine is ex-
tended and retracted by a hydraulic actuator and
is operated by the ALL ENGINE OUT HYDRAU-
LIC POWER switch,

2.9.6 Landing Gear Malfunctioas

The landing gear is normally powered by hydrau-
lic system C. Any gear can also be operated by
the standby hydraulic system. The standby
hydraulic systein is powered by B system with
electrical power backup. Should both hydraulic
systems fzil, ‘he nose gear and both forward
main gear will free fall to the dowr and locked
position.
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Figure 2-68. B-2707 (P&WA) Engine Restort Schedule

The main gear system hydraulic manifold
equalizes shock strut loads, keeping the cerntroid
of the main gear supporting forces aft of the cen-
ter of gravity of the airplane so that the nose
wheel always has a load. The four main landing
gear "trucks' provide a higher degree of safety
because of the inhereni redundancy of the four
independeat gears in the event of a main gear
malfunction, In the event one gcar does not
extend, its manifold to the other gear would not
function. There would be a minor change in
nose-wheel load, but no significant pitching
tendency. A normal landing can easily be ac-
complished with the nose gear and any three
main gears extended.

2.9.6.1 Main Landing Gear Malfunction

The airplane can aluo be landed safely with
either forward or aft gear pairs in the retracted
positions.

V4-R2707-1
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If the landing 18 made with the two aft gears re-
tracted, the airplane may tip back gently on the
tail skid (ventral fin) after the airplane has been
stopped, if nothing is done to prevent this. Nor-
mal wheel braking and elavator control will hold
the nose down until the airplane comes to a full
stop.

A safe landing can also be made with the nose
wheel, one forward and opporite aft main gear
extended.

2,9.6.2 Two Main Gear on Seme Side and Nose
Gear Extended
The wingtip will contact the runway as aero-
dynamic control decreases below that required
to hold wings level. Directional control can be
maintained by a combination of nose and main
gear steering and wheel braking. Minor damage
will occur to the wingtip.

2.9.6.3 Nose Gear Up - All Main Gear Extended
Normal approach and landing technique should be
used with only the main gear extended and the
forebody (movable nose section) extended to the
full down position. The forebody will serve as a
skid local deformation of the forebody and will
absorb the landing impact at the nose so that the
loads in the basic structure, including the flight
crew compartment will not exceed the design
atrength.

2.9.6.4 Nose Gear Extended - Main Gear Up
Approach and land at normal speeds. The air-
plane will touch down on the ventral fin (tail skid),
engine pods, and nosewheel. Minimum structursl
damage will occur to the airplane. Spark ignition
hazard is minimized by confining spark genera-

tioa to the ventral fin which is aft of thefuel areas.

2.9.6.5 No Gear Extended

Approach and land at normal spced. The airplane
will touch down on the ventral fin and engine pods.
The forebody will contact the ground and absorb
the energy =s described in Par. 2.9.6.3.

2.9.6.6 Wheel Brakes Failure

All wheels are equipped with an anti-skid system
with each wheel individually controlled. The iogs
of two brakes on one side will only slightly effect
directional control. The loss of two brakes does
not significantly affect brakiong performance.

2.9.6.7 General Considerations

Landing gear malfunctions occur occasionally on
all airplanes. The pilot's decision will be
influenced by the circumstances. The available
landing gear configurations combined with the
structural and system integrity provide the pilot
with a level of redundancy and safety much higher
than present-day commercial transports.

Should the ultimate gear design loads be exceeded
during landing, the gears are designed to fold aft
about their normal trunnion axis as follows: the
rear gears fold aft into their normal stowage
cavities; the front main gears fold aft under the
structural wing box; the nose gear will fold aft
under the body.

Fire hazard from spark ignition is remote because
the nose wheel is far forward of the fuel areas.
Failure of the main landing gears will not damage
the primary wing structure containing fuel.

2.9.7 Wing Flaps and Slat Malfunction

High-lift devices are: inboa:d wing trailing edge
flaps, outboard wing trailing edge flaps, inboard
wing slats and outboard wing slats. The wing

flap control level and wing sweep control lever
operates through the flap-wing sweep programmer
which provides mechanical scheduling of sweep
and high-lift systems.

Fore and aft translations for the outboard wing
flaps are controlled by the wing sweep control
lever. Rotation of the outboard wing flaps and
operation of the inbo: *d flaps (fixed wing) are con-
trolled by the wing flap control lever.

The inboard flaps (fixed wing) and inboard and
outboard slats operate from two hydraulic sys-
tems. The outboard flap systems operate from
three hydraulic systems. All high-lift devices
are symmetrically driven through separate gear
boxes and torque tube sysiems. Asymmetry
aetection and control is provided without override
capability.

Failure of any high-lift device te operate as
seqiienced does not prevent ‘he wing from being
positioned to the forward-sweep position.

Possible wing flap failure situations are as
follows: (1) loss of inboard flaps (fixed wing) and
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loss of inboard and outboard slats results from
simultaneous loss of hydraulic systems A and C;
(2) split of either movable wing flap systems
could result from a failure of the torque tube or
ball screw drive unit. The only action required
by the pilot is to add the appropriate correction
to the approach speed.

2.9.8 Primary Flight Control System Malfunction
The primary flight controls consist of elevons;
primary elevators and auxiliary elevators for
longitudinal control; ailerons and spoilers for
low-speed lateral control; elevons and spoilers
for high-speed lateral control; a rudder for
directional control. The elevons are used for
longitudinal control with wing flaps extended.

" ring supersonic flight the elevons are operated
ditierentially for lateral control and symmetri-
cally for longitudinal control. All control surfaces
are actuated by three independent hydraulic
sources except the auxiliary elevators which are
dual.

Normal operation of the control column produces
a signal which is sensed by force transduccs

and fed into the electric command system (E/C).
The E/C system modifies these commands accord-
ing to the flight conditions and produces an elec-
tric signal to the longitudinal and lateral master
servos. The servos drive the surface actuators
and backdrive the control column through dual
cable systems in the direction of the applied
force. The cable system from the control col -
uma to the master servos is the alternate method
of operating the primary control system. The
cable system has force authority over the electric
command system.

If loss of one of the three hydraulic systems
occurs, the airplane can be flown at all speeds.
The airplane can be flown at subsonic speeds with
the ioss of two hydraulic systems; however, con-
tinued operation is not recommended. 7o guard
against possible adverse effects of a second
failure at supersonic speeds, it may be necessary
to decelerate to subsonic speeds. Continued
supersonic operation after a single hydraulic sys-
tem failure is a design objective of [*hase IIl.
Programs to effect this capability are discussed
in the Aerodynamics Design Report, V2-B2107-3,
Secs. 4.0 and 5.0.

In the event of a failure of the el2ctric command
system (E/C) normal operation is maintained
with a single channel failure - a0 pilot action is
required.

- e

Failure of the second E/C channel in an axis
requires the pilot to determine which of the
channels has failed and then he must manually
select the channel functioning properly.

Should all three E/C channel fail in one axis,

the airplane can be operated normally through ihe
autopilot or through the cable system, with an
increase in control column force on the axis
affected by the E,/C failure.

The flight control system is designed with multi-
ple backup capability in each axis. Should an
abnormal condition occur on one control axis,
the first and normal response by the pilot should
be to apply opposite control to stabilize the air-
plane. Dual load path design in the mechanical
systems with override devices permits the pilot
to use whatever forces he considers necessary
to free a jarnmed or malfunctioning control
surface.

2.9.9 Environmental Control Abnormal Operation
Any three of ihe four air-conditioning units will
provide adequate cooling and ventilation for a
fully -loaded airplane. If an engine is shut down,
the affected accessory drive system (ADS) and
cabin air comprassor can be operated by bleed
air from the operating engines. If the cabin air
compressor is inoperative, the air-conditioning
unit can be operated with engine bleed air. Indi-
vidual electrical override control is provided for
the temperature control valves in case of an
inoperative automatic temperature controller.
Electrical override is also provided for the ram
air doors that control the amount of coolant air
flow across the heat exchangers. If two air-
conditioning units are inoperative, the airplane
will be decelerated to subsonic cruise.

If the automatic pressurization control is inopera-
tive, the out-flow valves may be positioned elec-
trically from the flight deck by use of the manual
pressure controlles. In the event that cabin alti-
tude is increasing, the intrawall exhsust is closed
to minimize the loss of cabin pressure.

2.9.10 Flight Deck Oxygen System

Crew cxygen is available for use in case of & loss
in pressurization or smoke in the flight deck.
Quick donning masks are stowed at each flight
deck crew station. In the event that crew oxygen
is required, the crew members will don their
mask and select either 100-percent oxygen or
diluter-demand. The 100-percent position is
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used when there is amoke in the flight deck.

2.9.11 Hydraulic System Abnormal Operation
The three main hydraulic systems (A, B, and C)
kave indicetors and controls for identification and
isolation of faulty components. If a single hydrau-
lic pump low pressure light comes on, the pump
is turmed off and system fluid quantity and pres-
sure are checked. In the event of a system over-
heat warning, the system pumps are turned off
one at a time to isolate the faulty pump. (The
effect of hydraulic system ifailure on flight control
has been discuesed previously.) If system C is
inoperstive, the landing gear and wheel brakes
will operate from the standby hydraulic system.

If all four engines of the GE-powered airplane

are inoperative, a ram air turbine can be lowered
into the airstream and will provide sufficieat
hydraulic control power at approach speed. The
P&WA powered airplane has sufficient hydraulic
power from the windmilling engines to accomplish
a landiog flare.

2.9.12 Abnormal Engine Operation

An engine fire, low engine oil pressure, loss of
engine oil, oil overheat reading, excessive

engine vibration, or loss of steady fuel flow may
require engine shutdown. The engi.e is shut down
in flight by reducing the thrust setting to idle and
placing the mode selector lever in the SHUTDOWN
position. The automatic inlet control system will
contract the centerbody to its least expanded con-
figuration and open the bypass doors. A switch
on the pilots' aft overhead panel actuates the
engine windmill brake, thereby reducing the
engine rpm.

In the event of engine fire, moving the thrust
lever to idle and the mode selector to SHUTDOWN
shuts off the engine fuel. “ulling the fire handle
on the pilots' overhead panel shuts off the hydrau-
lic fluid supply, engine bleed air, secondary air
flow, and the ignition system, arms the fire
extinguishing system and deactivates the genera-
tor. The fire extinguishing switch is located next
to the fire handie. If the fire persists, a second
source of extinguishing agent is selected and
discharged.

If a complete hydraulic or electricul failure
occurs in the automatic inlet control system, the
centerbody will contract and the bypass doors
will open. The inlet can then be controlled man-
ually through the control knobs on the centerbody

position and bypass position indicators on the
flight engineers panel.

2.9.13 Abnormal Fuel System Operaticn

Inflight engine shutdown requires crossfeeding
fuel from the inoperative engine's fuel tanks to
the operating engines. To maintain the airplane's
center of gravity within limits, the fuel in the
inoperative engine's fuel tanks must be consumed
by the other engines.

If a single fuel boost pump failure occurs, the
inoperative pump is switched off and fuel is sup-
plied with the tank's remaining boost pump or
pumps. Failure of all boost pumps in any one
tank requires the fuel manifold to be connected to
any tank with operating boost pumps.

If all boost pumps fail due to a complete ac elec-
tric power loss, all fuel manifold valves are
closed. With no boost pumps operating, the fuel
feed system will still satisfy emergency engine
fuel requirements. The engine fuel shutoff valves
and the fuel crossfeed are battery powered when
normal electrical power is not available, thereby
permitting operation in an emcrgency.

The airplane is equipped with a fuel dump system.
Dumping is accomplished by opening each tank's
dump valves and the two dump nozzle valves, and
then actuating the respective fuel boost pumps.
The dump system will automatically shut off to
maintain the required fuel reserves.

2.9.14 rorebody Abnormal Procedures

The movable nose section has provisions which
prevent damage or faulty operation due to accumu-
lation of water, slush, ice. or dirt. If one of the
dual electric motors faii, the ucher motor will
raise or lower the nose at a reduced rate (30 sec-
onds). If the electric alternate system fails while
the nose is in the up position, the nose can be
lowered by manually disengaging the uplock and
friction brake which allows the nose to free fall.
A visual flight simulator study shows that landing
the airplane with the forebody in the cruise posi-
tion is possible.

2.9.15 Abnormal Electrical System Operation
Failure of one ac power source may require
some nonessential load reduction. If two power
sources fail, supersonic flight may be continued.
To assure maximum system reliability, the
remaining two generators are isolated by placing
the bus tie switches to MANUAL OFF.
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Supersonic flight cannot be maintained when three
of the four generator power sources fail. Sub-
sonic flight can be maintained since fuei boost
pumps are not required for this operatiny
condition.

In the event of loss of all generators in flight, the
standby system automatically pow~r=s the battery
bus and the inverter bus for 30 minutes. The
inverter bus is capable of nandling those lcads
essential to transition frcm supersonic to sub-
sonic flight, controlled subsonic flight, and
landing.

Impending failure of a generator may require
disconnection from the ADS by placing a swiich to
the disengaged pusition.

In the event of smoke in the flight deck or passen-
ger cabin, disccnnect each part of the electrical
system by operating the individual load bus
switches. After the smoke source is located and
deactivated, power may be re-established.

2.10 STALL SPEEDS AND CHARACTERISTICS
The stall speed with wings forward and flaps down
is defined as the speed below which the maximum
lift coefficient (Cy) develops lift equal to the
weight. The approach to the stall is easily
detectable in flight, as it is characterized by an
excessive nose-high attitude, heavy buffet, some
lateral -directional instability and an obvious sink
rate. Simulator tests show that full thrust appli-
cation will effect immediate recovery from any
such unusual condition with practically no loss in
altitude. The angles of attack associated with the
apparent stall speed are in the 18- to 20-deg
range, which in itself is a waming to the pilot.
The stick shaker wili also provide suitable stall
warning. There are no adverse stall character-
istics, such as pitch-up or sudden roiling ten-
dency, evident in the angle-of-attack range up to
stall, with wings forward and flaps down.

The flaps up stalls, with wings forward. have no
adverse handling characteristics, but the mini-
mum speed is less easily detected. With wings
aft. the maximum angle of attack is not limited
by wing stall as such. The angle of attack will
exceed 30 deg without reaching maximum Cy,'s,
but the drag will be increased significantly.
Therefore, the minimum speeds with flaps up are
based on a practical angle -of-attack limit con-
sidering airplane geometryv. !oteral control. and
the regime of flight under consideration. tor
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instance, in the case of wings-aft landing, the
approach speed is based on a margin over the
minimum practical speed, considering the pilots'
visual angles and the tail contact body attitude.

2.11 PILOT VISIBILITY

The B-2707 flight deck and forebody configuration
provides visibility comparable to or better than
that provided in current large subsonic jet trans-
ports for landing, takeoff, and other airport
traffic conditions (Fig. 2-69). The design to
provide this visibility and the visibility at super-
sonic speeds is based on the requirements of the
Federal Aviation Agency and the more stringent
requirements proposed by the Society of Automo-
tive Engineers (SAE) Committee on Flight Deck
and Handling Qualities Standards to the SAE
Aerospace Standard 580.

2.11.1 Transonic and Supersonic Visibility

The visibility guidelines are established by

FAR 25, by the Tentative Airworthiness Standards
for Supersonic Transports, and by the Proposed
Revision A to the Society of Automotive Engineers
Aerospace Standard 580. The Tentative Airworth-
iness Standards state:

"(c) Pilot compartment vigibility provisions
shall be established such that the pilot with normal
and reasonable motion of the head and eyes will
have external vision to the extent defined for the
operating conditions listed below:

(1) All flight regimes. The pilots shall
have sufficient view forward along the flight path
and to the side to permit observation of cloud
formations, other airplanes, and to provide visual
orientation during normal flight or incidents
involving attitude changes."

The proposed SAE AS 580 requirements state:

e '"During transonic and supersonic flight, the
pilot shall be provided with a minimum
visibility of 3° above and below the flight
path plan and 2-1/2° left and right of the zero
azimuth, unbroken.' Transition to the upper
and lower angles of Par. 2 (Par. 2 of SAE
AS 580 defines the subsonic upward and
downward vision requirements outboard of
straight ahead) should be achieved as quickly
as possible as the azimuth moves outboard,
and the visibility shall be unbroken to the
maximum extent possible. In addition,
"visibility shall be sufficient tu provide
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é Figure 2-69. B-2707 Forebody
A horizon reference during upseet conditions transparency provisions which provide the field
. involving combinations of pitch attitudes of of view shown by Fig. 2-70 and illustcated by
F 10° nose up to 20° nose down, and roll Figs. 2-71 through 2-76. Typical window struc-
' ! attitudes of 45° left or right of level. tural features are shown on Figs. 2-77 and 2-78.
! . i P . The Airline Avionics, Flight Deck and Flight
: an ! e Artificial or indirect means may be used to Operations Specialist Team have gone on record

sugment the above; to offer visibility in
excess of that above, for which direct vision
is considered a requirement.

as stating: '"Cruise visibility, as a practical,
compromise, is considered acceptable with the

nose raised. "

‘ e  Aircraft using fairings over the windshield Extensive optical studies have been conducted in
: shall provide for sufficient visibility to land the laboratory and in flight ( Ref. 3 and Fig. 2-79)
; the aircraft by visual reference, day or night,  to ensure that the design 1s satisfactory with’
_ with the fairing in the supersonic position.” respect to considerations of glare, distortion,
; reflections, and transmissibility, and attention
; Dynaric simulator studies with participation by has been focused on the detail design to ensure
: Airline, FAA, Military, and company pilots that there are no structural not spots which would
{(Refs. 1 and 2) bave led to the selection of cause crew discomfort through localized heat
]
|
!
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Figure 2-71. Captain’- View in Level Flight

transfer. For additional discussion refer to the
TFlight Simulation Program, V4-~-B2707-13 and the
Human Engineering Program V4-B2707-8.

The resulting design is one which permits forward
vision directly ahead, left and right, and above

and below the line the line of flight. The earth windows will permit observation of cloud forma-
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Figure 2-72. Captain’s View in Level Climb

horizon can be seen at cruise attitude and altitude
throughout. Adequate field of vision, to satisfy
the most extreme conditions of the proposed
revisions to SAE AS 530, is provided for attitude
reference in the event it may be needed to permit
successful recovery from an upset condition. The
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Figuwe 2-74. Coptein’s View in Climbing Turn to the Right

tions and other airplanes, providing relative
speeds are within the limits of human detection.

2.11 2 Subsonic Visibility

At speeds below 0.9 Mach and 395 knots CAS. the
selection of any forebody position between full up
and full down will be the captain's choice. The
supersonic configuration will be used during
transonic and supersonic flight, and it is expected
that the captain wiil employ this configuration
during the time of flight when all air traffic is
under ATC control. such as in the positive control
arca above FL 240 over the continental U. S, or
during cenditions when all {light is restricted to
1FR
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The forebody position 1s selected by means of an
appropriately shaped (2ver ~a the captain's side
cf the center pilot's panel. The two normal
positions of up and down, and intermediate posi-
tions may be used during subsonic flight, as
desired. The forebody operation is by a normal
and an alternate electric motor driven bal} screw
(Ref. Training and Training Equipment Program.
V2-B2707-7). The design also provides {or {rec
{adl lowering of the nose in the event of failure of
the dual power system.

FAR 25, including the Tentative Airworthiness
Standards for Superson:c Transports, and by the

T07-1

Subsonic visibility requirements arc defined oy n
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Proposed Revision A to the Society of Automntive
Lngineers Aerospace Standard 580. The B-2707
design complies with all of these criteria, includ-
ing the most critical requirements for vision
during landing approach. The proposed revisions
to SAE AS 580 are the most definitive in this
respect, and currently include two proposals. The
firat states that: '‘with the airplane on a 2-1/2 deg
glide slope, with its whcels at 100-ft altitude, in
landing configuration at maximum landing weight,
under 1,200 ft RVR conditions and zero to maxi-
mum crosswind yaw, the forward and down visi-
bility angle, as measured from a horizontal plane
through the design flight eye position, and in a
vertical plane coincident with the flight path to
account for yaw, shail permit the pilot to observe
a horizontal distance fore and aft on the surface
of the ground equivalent to the distance travelled
in three seconds at approach speed." The second
proposal requires that under the same conditions
the pilot should be able to see either the threshold
or wing bu: approach lights plus three other
approach light bars from a 2-1/2-deg and a 3-deg
glide slope. Since the first proposal is the more
demanding and represents the standards proviced
in current jet transports, it has been used as the
design criterion.

Figure 2-30 shows the landing flap setting, atti-
tude, and speed trades for a normal landing
condition. The design point for down vision is
based on an approach speed of 135 knots with
flaps fully extended. More down vision results
from increasing the approach speed, such as would
be the case in crosswinds or turbulence, and
approach noise can be reduced by using a lower
flap setting and more speed. It is noted that at
the 135-knot design point, the B-2707 approach
avise is approximately 1/4 the intensity of that
from current jet transports.

Fiymures 2 -51 and 2-42 show, for comparison, the
appreoach down vision geometry of the B-2707 and
the 707-320C. The B-2707 compliance with the

criteria s shightly superior tw that of the 707-320C.

Figure 2-53 shows the subsonic vision eavelope in
compirison with the SAE AS 5380 cniterion. It s
noted that the B-2707 {icld of vision 13 substantially
greater through all windows than is required by

the criterion. The field of view through the for-
ward windows :s shifted downwards 3 deg to
compensate {or the 6 ~deg nose down seating plance
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Figure 2-81. B-2707 Approoch Vision

of the pilot, relative to the {uselage Jatum. Rela-

tive to their seating piane, the pilots will have

23 deg of up and 16 deg of down vision.

F.gure 2-84 illustrates the caplain's visibii:ty when
on approacih with his wheels at 100-ft aititude. The
{first officer’s visibuity 1s 1dentical but of opposite

hand.
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Figure 2-82 707 Approech Vision

Simulator studies, have shown that landing can be

safely executed with the visibility avatlabie in the
rnose up posit:ion, 1n the unlikely event of dual
mechanization {ailure and {a:lure of the {ree fali
system Such an apprcach and landing would be
performed with use of the glide slope and local: -
zer facil:ies and by increasing the speed by

V4-B2707-

(owe B e I an T aun BN - |

I e BN o

[V

L N — S e B e




¢

< CAPTAINS SEAT
EYE ROTATION
SA \ UPWARD /

- Ty -

S

,5 ‘TN, HE AD,
ROTATI‘ON 9o°

| SN

N~/

RIGHT HEAD
| ROTATION

EYE ROTATION
DOWNWARD
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approximately 13 knots to achieve the best vision
(Fig. 2-85).

Figure 2-86 shows a comparison of B-2707 and
707 taxi vision. Forward vision is superior to
that of the 707, but side vision is not quite as
good because of the greater height of the eye
position above the runway.

2.11.3 Rain and Fog Provisions

Wiiidchield wipers and rain repellent are used for
rain removal on the two forward fixed windows.
Anti-icing is provided through electrical heating
of the outer panes of these same windows. Fogging
does not occur because of the insulation character-
istics of the coated multi-layer glass panes and
air spaces. On the two forward fixed windows,
heating is applied to the bird-proofing interlayer
material to mairtain maximum erergy absorption
elasticity. This heat will also act as a fog pre-
ventative. Test Integration and Management,
V4-B2707-10, Sec. 1.0, describes the rain
removal, anti-icing, and defogging systems.

The forebudy side windows are provided with an
anti-fog protection system. Rain removal and
anti-icing provisions are not required for normal
operations. It was the consensus of the airline
team representalives that these should not be
providad for abnormal operations.

2.11.4 Pilot Vision Supplement
Laboratory studies on the use of closed circuit

TV as a pilot vision supplement were started in
December 1965 (Ref. 4) and in 1966, inflight tests
were made in a 707 (Ref. 5). A typical TV pic-
ture is shown on Fig. 2-87. Operation modes
which have high potential are taxiing, approach
and landing, inflight viewing of equipment and
external airframe surveillance.

The Boeing SST project pilot conducted the tests
of Ref. § and he is confident that landings can be
safely accomplished with vision information
supplied by TV, providing attitude and altitude
reierences are superimposed on the display. In
addition to augmenting windshield vision, a TV
camera located on the lower fuselage will provide
an image of the approach lights when visibility
conditions preclude this for the naked eye because
of windshield geometric down vision cutoff angle
limitations. Because of the promise of combining
a TV picture of the real world with typical atti-
tude director information, laboratory development
work of an installation for 707 tests is in progress.
Results from cruise vision tests have shown
inadequate picture contrast and resolution; how-
ever, it is expected that advanced secondary
emission conduction (SEC) TV equipment will
show considerable improvement over the vidicon
used in the experiments.

The prototype will be fitted with a TV installation
for evaluation of the requirement for vision aug-
mentation during ground mancuvering. This
installation will also provide for further evaluation

V4-B2707-1
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Figure 2-84. Captain’s View on Approach

of its usefulness for vision augmentation during
cruise flight and landing approach.

2.11.5 Abnormal Operation

a. Nose Mechanism Failure in the Up

Position

Simulator studies have demonstirated thet
landings can be safely completed with the nose
locked up. The runway is visibiz at 100 ft aititude
through the forward nose window, as shown in
Fig. 2-85, at an approach angle of attack of
7 deg, which corresponds to an approach speed of
148 knots with full payload and reserves. As the
airplane approaches for the fiare, the edges of
the runway appaar snccessively in the window

areas from the frort to the side. The possibility
of using this capability is extremcly remote
because of the provision of a dual power source
and free-fall capability for lowering the nose.

b. Landing with the Wings Aft

Landings with the wings at 72 deg will require
three to four degrees more nose up body attitude
than normal, and therefore the horizortal surface
visible in front of the nose will be reduced by
250 ft. Under VFR landing conditions this will
not present a problem. The visibility will also be
adequate for the least demanding of the two pro-
posed revisions tc SAE AS 580 for Category II
landing conditions, as ncted in Par. 2.11.2.
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¢. Windshield Glass Failure
See Systern Safety Plan, V4-B2707-6 for
details of the effects of windshield glass failure.

d. Rain Removal System Failures

The rain removal system employs both a
wiper system and a rain repellent system. The
wiper system is required for taxi operations where
there is insuificient aerodynamic flow over the
windows to permit the repellent system to work.
The repellent system is adequate for all flight
situations.

Failure of a wiper systera will cause the
associated window to be without rain removal
during ground taxi. This is not considered to be
hazardous.

There are two rain repellent svstems, 2ne
for the captain's wiidow and one for the first
officer's window. A crossfeed feature provides
for the event of failure of one supply system by
routing fluid from the operative system. n the
unlikely event of failure of both systems the
windshield wipers may be used.

e. Anti-icing Failure

Anti-icing is provided for the captain's and
first officer's front windshields. In the event of
failure of one system the other pilot would assume
visual responsibilities. The ice could be removed

Ci e S M A — b e

from the failed system side by incressing the
subsonic speed to increase kinetic heating if the
airplane flight plan precluded the use of altitudes
where temperatures above freezing prevailed.

f. Defogging

Defogging provisions are provided on the six
nose windows to remove fog which can result
during ciimb. In the event of failure of a system
he visibility through the affected window would be
temporarily lost until the glass was sufficiently
heated by kinetic heating to cause its remcval or
until frost, which might form as a result of sus-
tained low speed high altitude flight, had
sublimated.

2.12 CREW WORKLOAD ANALYSIS

The objective of the analysis was to determine
flight crew werkload during a normal flight profile
and to identify mission segments or operation
which create an excessive demand on the crew or
crew member. A secondary objective was to
compile an integrated, serial description of crew
tasks to cover all gystems and/or subsysiems
controlled, used, or monitored by the flight deck
crew.

2.12.1 Flight Deck Provisions

The flight deck provides accommodations for a
three-man crew and two observers. Figure 2-88
shows the flight deck crew and observer stations.
Commercial airline practice has been followed
wiroughout the analysis in designating the crew as
captain, first officer, and flight engineer.

2.12.2 Flight Profile and Mission Segments

An examination of the functional flow diagrams
(Ref. 6) resulted in the selection of Function 1.3,
Transport Payload, as the most represantative
function which could be examined in detail on a
timely basis. This function covers all flight crew
functions from engine start through supersonic
cruise phase to postflight engine shut-down. One
operatica unique to the B-2707, inertial navigation
checkpoint insertion, has been included within the
engine start analysis because it is performed
onboard by a flight crew member and must precede
start-up even though .he cperation is unrelated to
starting engines. Tlight profile mission segments
parallel the sub-funccions of Ref. 6 because of
clear cut lines of demarcation between them.

V4-B2%07-1
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Figure 2-86. 8-2707 and 707 Taxi Vision

Those selected for analysiz are as follows:

Engine start

Taxi and takoff

Climb

Cruise

Descent

Land

Taxi and Park (including shutdown)

A generalized supersonic flight profile was used
in preparing the workload analysis. Detailed
profile descriptions are presented in Airplane
Performance, V2-B2707~4 and -5.

2.12.3 Work Load Development and Ground Rules
To determine crew workload, a detailed task
analysis on & real-time basis was performed.
Each mission segment was broken down into
essential operations consisting of a number of
tasks or sub-tasks. The level of detail was
extended to every known or deduced movement of
controls, levers, knobs, reading of instruments,
radio or voice communications performed by the
flight crew. Each of these tasks was assigned an
estimated performance time in increments of one
second or more. The outline of operations and
tasks was based on a similar study of commercial

jet airline operations. Details of unique opera-
tions were conducted in parallel with systems and
subsystem development. Information to fill
procedural gaps was derived by examination of
control layouts and display panels.

The flight profile was assumed to be a continua-
tior. flight and as such the Inertial Navigation
(I-NAV) gyros wouid require a minimum warmup.
The flight would be flown on autopilot in the
AUTO NAV mode with the stability augmentation,

auto-throttle, and I-NAV systems engaged from
the earliest moment of the climb segment. The
airplane wouid be shifted to MANUAL autopilot
mode for the d=scent phase and a fully manual
landing conducted while under visual flight rules.

Three timeline charts summarizing the task

analysis data were prepared (Figs. 2-89 through
2-91). Each of the seven mission segments of
Function 1.3, Transport Payload, is plotted in
serial order. Each operation within a segment
is listed serially followed by a bar representing
the estimated real-time required by the flight
crew or crew member to perform the operation.
When concurrent operations occur, the time bars
overlap. During the climb, cruise, and descent
segments where tasks are largely repetitive and
the times extensive, the time bars are broken to
save space and avoid unnecessary duplication. A
work load summary at the bottom of Figs. 2-89
through 2-31, represents that proportion of each
crew member's time required *v perform his
tasks. In addition, whenever the airplane is in
motion, each crew member is agsumed to be
workedto 50 percent of capacity with routine
instrument monitoring, adjustments, scanning for
other traffic, intra and extra .irplane communica-
tions, etc. The cross-hatched portions of the
workload summary represent neciods when the
pilot and co-pilot are dependent ipon visual ref-
erence wholly or in part to control the airplane.
For example, external ground checks of flight
controls, taxi operations, tak<off, and climb-out
until instrument flight operations could be
employed are cross-hatched functions. All other
functions are shown as solid black bars.

2.12.4 Crew Wnrkioad Study Conciusions

In summary, no critically high crew work loads
are apparent. Marginal workload areas occur
when nianual functions predominate because of the
time compression of supersonic flicht operations.
Where automation is used, the problem of mar-
ginal performance disappears. /.& 3ystem defini-
tion progresses and more comprehensive simula-
tion data becomes available, the cr=w workloads
will be re-evaluated, especially thoue new
indicating marginal performance.

The preliminary investigation shows no problems
during normal flight. However, emergency con-
ditions may tax the information assimilation
reaction capability of the flight crew. Detailed
task analyses of emergency flight operations will
be conducted during Phase III. Other situations
relative to normal operations snd unique to super-
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Figure 2-87. Televised View of 707 Landing Gear

sonic flight may be discovered during simulation
studies and more detailed analysis.

In addition, activities which were found to be time
consuming will be further studied in Phase III.

The I-NAV system gyro warmup time must be
considered in programming airplane turnaround
time. The insertion of I-NAV checkpoint data is
time consuming and at least the first checkpoint
must be inserted before engine start. Each check-
point inserted will require approximately 65 sec-
onds of complete attention by a crew member.
This crew member must be on board the airplane
sooner than required for present jets. Additional
checlpoints (up to 7) could be inserted while
enroute.

Additional study is required to determine the
extent to which VOR or conventional ADP naviga-
tion systems load crew functions and to determine
the most efficient and practical balance between
these conventional navigation aids and the inertial
navigation systems.

During Phase III, preflight and postflight crew
activities will be added to the task analysis.
Studies will be made to define system checklist
requirements and procedures, with particular
attention given to ensuring their compatibility with
operational time constraints.

2.13 DISPATCH AND FLIGHT WITH
INOPERATIVE UNITS

2.13.1 Minimum Equipment List

FAR 121.627(c) permits the publication of a mini-
mum equipment list (MEL) designed to provide
operators with the authority to operate an airplane
with certain items or components inoperative
provided an acceptable level of safety is main-
tained by appropriate operating limitations, by a
transfer of the function to another operating com-
ponent, or by reference to other instruments or
components providing the required information.
The MEL does not include obviously required
equipment such as structure, nor does it include
items which obviously do not affect airworthiness,
such as passenger service and entertainment items.

V4-B2707-1

L e PRI —

S ———. - - - ”Q"
KR

97

A



A tentative MEL has been prepared for the B-2707
with operating limitations noted and is available
for on-site review. Figure 2-92 presents a page
from the tentative MEL. The final MEL will be
negotiated among FAA, the participating airlines,
and The Boeing Company.

2.13.2 Preliminary Operational Equipment
Tabulation
A Preliminary Operational Equipment Tabulation
has been derived to indicat: the capability of the
airplane to continue flight operation with equip-
ment inoperative. This list is used for analyzing
reliability, safety, and related factors of the
B-2707 airplane.

This list has been tabulated to show equipment
requirements for continued subsonic or supersonic
operation over land and water at high and low
altitude. These equipment considerations are
probably more stringent than would be encountered
in actual use and, therefore, present a conserva-
tive evaluation of the ability of the B-2707 to
operate successfully in airline operation.

Figure 2-88. General Flight Deck Arrangement

Because of the extensive nature of this tabulation,
only one page is shown in Fig. 2-93. The entire
tabulation is available for on-site review.

2.14 GROUND ENVIRONMENT FLEXIBILITY
The B-2707 is adaptable to the various grour.d
operations and conditions in which it will operate.
This adaptability is the result of studies and
analysis of airline operations, investigations of
airport suitability and experience gained in
successfully deploying subsonic jet transports
with many of the world's airlines.

The B-2707 can land at the airports which accom-
modate present large jet transports, such as the
707 and DC-8. In the normal landing configura-
tion, the wings swept forward and flaps extended,
the B-2707 approach and landing speed is equiva-
lent to or less than present large jet transports.

The B-2707 airplane has pavement depth require-
ments equal to or less than existing jet aircraft.
This is accomplished by a four wheel four truck
main landing gear which applies four loading
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Figure 2-89. Timeline No. 1

groups to the pavement, each essentially the same
as the loading groups on the DC-38-55 (used as the
baseline objective).  Section 4. 0 of this document
shows the B-2707 to hiave an excellent degree of
compatibility with respect to its effect upon the
pavement complexes of 15 international airports
in the United States.

The 16 main landing gear wheels are cquipped
with brakes sized to provide the pilot with adequate
ground control of the airplane during all taxi
conditions. The brakes are controlled from the
rudder pedals and are used to aid the airplane in
turning as well as braking.

Landing the B-2707 on rough runways will have
minimum cffect on the airplane and the comfort
of the passengers. The landing gears have com-
pression strokes and compression ratios which
will provide a soft touchdown and will absorb the
shock of rough runways during the landing rollout
and taxi cperations.  For the analysis of B-2707
operation on rough runways sec the Airframe
Design Report, Part B, V2-B2707-7.

The B-2707 extended flaps prevent ingestion of
foreign objects which muy be thrown up by the
main landing gear wheels during takeoff, landing,
or taxi operations (Fig. 2-94).

Throughout the ground operations, flight crew
visibility is equivalent to that of current jet
transports. With the nose tilted, the B-2707
clears objects, such as snow banks and fences,

438 in. high. Additional clearance is attained by
raising the tilt nosc which has a response time of
15 seconds from {ull down to the full up position.
Intermediate positions are also available. Steer-
ing capability on the rear main landing gears as
well as the nose gear permits the B-2707 to
manecuver on the ground with maximum ease. The
pilot will have no difficulty in maneuvering the
B-2707 onto or off the runways and steering the
airplane into a parallel, canted or nose in parking
position. A TV display of the airplane under-
carriage for aiding ground maneuvering, is pro-
vided on the prototype airplane. This display will
be cvaluated during Phase III to determine its
effectiveness for airline operations.

‘The B-2707 is equipped with an acc »ssory drive
system, which is shaft-driven from the engines,
when running, and may be driven by the ground
air start turbine on the ground. This feature per-
mits the ADS to be used on the ground as an
optional means of supplying ground electrical and
hydraulic power. A high pressure ground air
supply is used to drive the air start turbine, and
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TENTATIVE MINIMUM EQUIPMENT LIST

AIRCRAFT: B 2707

REVISION NO., PAGE
DATE: 7-29-66 24-1

SYSTEM &
SEQUENCE ITEM
NUMBERS

24 ELECTRICAL POWER

-1

-2

-3

-4

Generator

Generator Temperature
Indicator

Generator Automatic

Paralleling System

Transtformer Rectifier

Frequency Light
DC Voltmeter
DC Ammeter
Battery

Generator Systen.
Annunciator Panel

-10 Standby Static Inverter

-11 External Power

(ground) System

6

REQUIRED FOR DISPATCH OF ALL FLIGHT
CONDITIONS EXCEPT AS PROVIDED IN COLUMN 2

2, REMARKS AND/OR EXCEPTIONS
One generator may be inoperative provided
electrical loads are monitored,

One for each operating generator

May be inoperative but manual paralleling
procedure must be followed if generators
are to be operated in parallel.

Nos. 1, 2, 3, or 4 T-R's may bc inoper-
ative. One essential T-R must be oper-

ative at all times,

One for each operating generator.

Figure 2-92. Tantotive Minimum Equipment List
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the ADS transmits shaft power to the hydraulic
pumps and electric power generator.

The high pressure ground air supply which is

used to drive the air start turbine for ADS opera-
tions as well as for engine starts, may be also
used to deliver air directly into the environmental
control system to provide ground cooling in lieu of
a low pressure ground air-conditioner.

In addition to ground power provisions the B-2707
is provided with onboard standby battery power,
whaich can be used in emergency situations to
augment, or substitute for, external ground
electrical power.

The B-2707 is towed by tug and tow bar attached
to the nose gear. The larger tow vchicles pres-
ently in use by the airlines for use with subsonic
jet aircraft are capable of towing the B-2707 on

i..v percent grade and dry pavement conditions.

The B-2707 is designed with four passenger load-
ing doors on the left -hand side of the airplane
which will permit rapid loading and unloading of
passengers. The two forward passenger loading
doors will interface with present ground loading
equipment, such ns rollup stairways or extension
jetways. The two rear passenger luading doors,
if required, will require extension of current

V4-B270

loading techniques and equipment. The B-2707
allows the airport operators and airlines, flexi-
bility in determining and planning the most suit-
able utilization of passenger loading doors to fit
present and planned airport facility arrangements.
Using the forward 2 lcading doors, 277 passengers
can be loaded in 9-1/2 minutes or unloaded in

8 minutes.

In general, the B-2707 can be accommodated by
using existing serviciig equipment at airports
equipped for subsonic jet transports; however,
for most efficient service some modifications to
existing equipment and some new equipment is
recommended as digcussed in Par. 5. 7.

The B-2707 wul permit loading of loose or con-
tainerized cargc at the option of the airlines.
Provisions are included for: an automatic cargo
loading system which will raise the cargo from
the ground and traverse it to the stowed position,
or interface with the ground loading equipment
which raises the cargo or baggage to the cargn
compartment floor level., Using the ground
loader will require that the cargo or bagr ge be
moved to the stowed position manuaily.
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-1




A+

— &9 =3

U
|
I
|
|
I
|
I

/IS SPRAY PROFILE IN PLANE
OF INBOARD INLET LIPC - C

1" WATER ON RUNWAY 90 KT ROLLING SPEED

CUTBOARD FLARS

/
INBDARD FLAPS PRWA PGDS
SECTION A~ A o
AN '
A -

Figure 2-94. Inlet Ingestion Prevention, Water ond Fiush

Vi-B2TAT -

OUTBOARD FLAPS

—— e

Ser e



MR L ey e,

104

The fuel system is designed to accept fuel from
existing mobile and fixed fueling facilities through
receptaclies provided on both the right-hand and
left -hand sides of the airplane. A fueling control
panel is provided adjacent ‘o une fuel receptacle
to permit complete controi and monitoring of the

fueling operation from the exterior of the airplane.

In performing departure operatiors, the B-2707
may be moved from the loading dock under its own
power or may be started in position and then
moved by a towing tug.

Provisions designed into the B-2707, such as quick
access to maintenance and service areas, self-
test features, and replaceable modules will facili-
tate both maintenance and ground operations.

The design and maintenance planning for the
B-2707 stresses features for improved condition
viaibility for all elements, so that the "on condi-
tion'" maintenance concept and the extend:d
service life established for the airplane and its
equipmeni ... be achieved. Condition visibility,
critica! item redundancy, deferred maintenance
capability along with the scheduled inspection

cycle programmed wil! allow the B-2707 to operate
in the subsonic jet ground environment.
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3.0 ENVIRONMENT INTZGRATION

3.1 INTRODUCTION

This section reports the resulis of studies and
analyses performed during Phase II-C on tur-
bulence, ozone content, radiation, pariiculate
matter, air traific control (ATC), navigation,
communications, ground servicing, ground han-
dling, and maintenance. The results of these
studies ard analyses are reflected in the design
of the B-2707 and ground support equipment.
More detailed inforinaticn on these subjects can
be found in other volumes of the Phase III pro-
posal. Reference will be made to these volumes
where ap ropriate.

3.2 TURBULENCE

3.2.1 Improved Capability

An improved operational capability with respect
to avoidance and penetration of moderate to
severe turbulence exists because of the following
factcrs:

Reduced cruise gust environment

Improved National Airspace Systems
Improved weather forecasting

Refined stability augmentation system (SAS)

Greater structural margins

Improved ride qualities in turbulence

An expanded view of these and other factors
associated with turbulence operations is provided
in the following paragraphs.

3.2.2 Atmospheric Structure

Extensive velocity, normal acceleraticn and alti-
tude (VHG) sampling programs in the lower
atmosphere (i.e. below 35, 000 ft) have identified
turbulence levels associated with normal avoid-
ance practice. Limited sampling of the upper
atmosphere (i.e. 25, 000 to 75,000 fi) by U-2
aircraft have supplemented the lower altitude
data. These data identify an cnvelope of turbu-
lence intensity (Fig. 3-1) which has a remote
prohability of oc~urrence ir normal eperations,

80 @
/ 7
/
A
60
PRESSURE
ALTITUDE
1000 €T
40
0 REGION OF CPERATIONAL /,
VGH DATA FOR SUBSONIC CRUISE |,/
/
/
/
1 /
¢ 20 40 60

MAXIMUM GUST DENSITY ( y DE y FT/feC

F:igure 3-1. VGH Sampling Enveiope From Airplane
Operotions (Including U-2)

These same sampling operations have produced
well defined information on the average amount
of time spent in turbulence and the probanility of
encountering various levels of turbulence

(Figs. 3-2 and 3-3).

3.2.3 Avoidance '

Greater turbulence avoidance will be possible
under the pianned ATC system. Enroute
(ARTCC) and terminal departure/approach
(DEP/APP) radar systems are planned which
will incorporate auxiliary radar monitoring sys-
tems adjusted for weather detection only

(Fig. 3-4). An expanded contzolier team having
one additional man prr team will space-phase
hoth traffic and potentially turbulent weather
zones, Although weather radar detects precipita-
tion areas cnly, experience with the system will
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greatly improve turbulence avoidance

capabilities.
@ U-2DATA (NASA TND-548)
% ~}~« PREVIOUS AIRPLANE DATA
h (NACA TN-4330)
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c |
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Figure 3-2. VGH Exposure Recerd

It is expected that meteorolog.cal forecast capa-
bilities will be improved by the SST era. Such
improvements will include better definition of
tropospheric properties as relatea to wurbulence
(e.g. thunderstorms and jet streams).

Although there is presently an insufficient amount
of information on the incidence and mechanisms
of turbulence in the c.ratosphere, it is reasonable
to expect significant advances in turbulence pre-
diction techniques. Current research (USAF,
NASA, ESSA) should lead to forecast techniques
which will allow avoidance of disturbed strato-
spheric areas. The relative utility of a system
for automatic detection, recording, and reporting
may be better judged after more results are in
from such current research efforts as the USAF
HICAT program.

Considerable effort is being expended to develop
a clear-air turbulence detection system with
adequate warning for the pilot. Pilot avoidance
action depends on warning time and on how well
the system defines the turbulent cell. A promis-
ing detection technique is meter-wave radar;
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Figure 3-3. VGH Turbulence Intensity Record
(Averaged)

unlike weather radar it does not depend on back-
scatter from particulate matter but depends
instead on backscatter from refractive eddies in
the atmosphere. Experiments by Boeing with
both ground and airborne meter-wave radar have
been moderately successful, Although a special
CAT detection system is not presently planned
for the B-2707, company participation in CAT
detection recearch and of detection system devel-
opment will continue.

3.2,4 Handling Qualities

The airplane is designed to provide optimum
performance in turbulent conditions. Positive
damping about all axes is provided by the stability
augmentation system (SAS). In addition, consid-
erable SAS authority is provided for handling
qualities improvement. This authority is adequate
for the most severe turbulence, and saturatior. of
the SAS is not a limiting factor. The SAS also
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system performance.

3.2,5 Structural Margins

AIRCRAFT
TARGETS

provides an attitude-holding capability which per-
mits low-gain attitude stabilization in severe tur-
bulence with the autopilot disconnected. Reliability
is provided by triplication and monitoring so that
the SAS is fail-operational with no degradation in
Pitch and yaw remain
fully operational after two channel failures while
roll remains operational after one fajlure and
passive after two failures. Detailed discussion
of SAS design is presented in the Aerodynamic
Design Report, V2-B2707-3,

Gust margins in turbulence will be greater than
in the past due to the modifying influence of con-

sistently greater wing sweep on design criteria
relationships. In addition, a wing-aft position
for descent may be retained if turbulence is
expected in the terminal area. A considerable
amount of load relief in turbulence is afforded by
the reduced lifting properties inherent in wings -
aft operation, Additional relief is afforded by

(b) PRIMARY SCOPE (TRAFFIC SETTING)
Figure 3—-4. Planned ATC Radar Display (1975)

any wing flexing which does occur. Figure 3-5
shows typical gust margins with the wing at 42
degrees sweep and at 72 degrees sweep. High-
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Figure 3-5. Representative Gust Margins

V4-B2707-1

(b* SUPERSONIC Y~n DIAGRAM

107

e R 1 S S g

L AR e ek




—t

108

altitude gust sampling programs to date have
indicated a very significant reduction in gust
environment for cruise (See Fig. 3-1). The
overall subject of design for gust loads is dis-
cussed extensively in Airframe Design Report,
Part C, V2-B2707-7.

3.2.6 Ride Comfort

Improved crew and passenger environments in
turbulent air are anticipated for any wing-sweep
position, particularly during wing-aft operation
because of reduction in the lift curve slope. The
longer, more flexible, fuselage structure is
expected to improve conditions because human
response at lower frequencies (..ar 1 cps) results
in less discomfort than at the higher frequencies
(4 to 6 cps) characteristic of existing civil trans-
ports. Wing-forward operation should be supe-
rior to that of present subsonic jets principally
because of the lowered fuselage frequency. The
greater wing sweep (42 degrees) employed for

subsonic flight provides an additional improve-
ment in ride comfort. An expanded discussion of

ride comfort is. presented in Airframe Design,
Part C, V2-B2707-7, with particular emphasis on
B-70 ride qualities. Coordination with the FAA,
the NASA, and North American Aviation Inc. is
being maintained and B-70 data evaluation wili
continue. Phase III activities are planned (o
include additional moving-base cimulator studies
beyond that discussed in V2-B2707-7. These
studies will include investigation of possible
effects of low damping in elastic modes and of
possible methods of improving the damping in the
event significant effects should be shown to exist.
Preliminary information in this regard is
expected at an early date as the result of company
B-52 ilight test programs presently being per-
formed at Wichita under Air Force Contracts

AF 34(615)-3753, Load Alleviation and Mode
Stabilization Program, and AF34(601)-25146,
Stability Augmentation System for Improved B-52
Structural Life,

3. 2.7 Gust Penetration

Subsonic turbulence penetration speeds for antic-
ipated zcnes of moderate to severe turbulence
are 320 kn wings fully aft and 300 kn wings for-
ward (42 degrees sweep). Supersonic penetration
speeds may have any value between 320 kn and
Vaio minus 50 kn as desired to adhere to the
optimum flight profile for performance or econ-
omy. The airplane has excetlent handling quali-
ties in turbulence in either configuration, or in

any intermediate configuration, as discussed
under Par., 3.2.4. Subsonic turbulence penetra-
tion speeds for intermediate wing positions are
maintained at 300 kn as shown in Fig. 3-6.

- 9
OPERATIONAL CONCEPT

FOR INTERMEDIATE POSITIONS
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Figure 3—-6. Subsonic Penetration Speeds for
Moderate to Severe Turbulence

3.2.8 Operational Techniques

Special operating techniques for use during severe
turbulence conditions have been developed in
recent years and have become an operational
must.

Pilot operation is as follows:
a, DMaintain low-gain attitude stabilization,
i.e. fly loose.

b, Allow moderate variation ir speed and
altitude.

c. Do not change trim to any significant
extent.

V4-B2707-1
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Autopilot engagement is as follows:

a. Disconnect promptly (SAS provides low-
gain attitude stabilization)

b. Do not leave on MACH HOLD, ALTITUDE
HOLD, OR RATE OF CLIMB HOLD modes.

3.3 OZONE

The ozone concentration in the atmosphere,
especially in the stratosphere, is of sufficient
magnitude to influence the B-2707 design

(Fig. 3-7). The stratospheric ozone concentration,
which reaches 8 ppm by volume at 70,000 ft, must
be reduced by a factor of approximately 50 before
entering the passenger and crew compartments
(Refs. 7 and 8),
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Figure 3-7. Ozone Concentration in Spring ot High Latitude
in Northern Hemisphere

3.3.1 Passenger/Crew Protection

The maximum ozone concentration allowables for
the crew and passenger cabins, as established in
the Tentative Airworthiness Standards for Super-
sonic Transports, are 0.2 ppm during normal
operations, This allowable may be exceeded for
short periods and is very close to ozone coxncen-
trations now being experienced in current jet
aircraft (Ref. 9 and Fig. 3-8).

An ozone monitoring system is provided in the
airplane to give the crew a continval indication of
the cabin ozone concentration. Analysis, based
on published test data, shows thal the 2zone con-
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Figure 3-8. Prolonged Ozone Inhalation and its Effects on
Visval Hemisphere

centrations in the cabin can be held to a concen-
tration of 9.1 ppm or less during all phases of the
flight. The disassociation of ozone is accomplished
in the air-conditioning subsystem by high tempera-
tures (500°t. 1,000°F) together with the catalytic
action of nickel-plated heat exchanger fins. For
details of the ozone disassociation analysis, see
the environmental control system description in
Airframe Design Report, Part A, V2-B2707-6-1.

3.3.2 Materials Protection

In addition to the possible toxic effects of ozone,
the degradation effects on nonmetallic materials,
especially rubbers, is also a consideration.
Ozone Jacomposes at elevated temperatures. The
exterior surface temperature of a supersonic
transport at cruise altitude will be close to 400°F.
The thermal barrier of the shock waves is expected
to decompese the ozone. However, the effective-
ness of this decomposition has notbeen fully deter-
mined. Consequently, materials are being chosen
for their czone resistance in addition to their high
temperature stability. The high surface tempera-
ture constitute the major detrimental environ-
1ental condition for mnost materials. Specific

r aterial choices are documented in Aisirame
Design Report, Part D, V2-B2707-8,

3.4 RADIATION

The galactic cosmic radiation, both primary and
secondary componerts, are of such low level that
they will create no hazard to the flight crew and
passengers, Solar flares will occasionally gen-
erate dose rates in excess of present AEC human

V4-B2707-1
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tolerance levels, Investigations are continuing
to determine the dose rate considered high
enough o warrant descent to a lower altitude

at the onset of a solar particle event. Data
obtained from the SST Radiation Environment
Study, being conducted by the Air Force Weapons
Laboratory, will be used to aid in this study.

Solar ultraviolet is calculated to produce only
minor degradation upon the airplane external
nonmetallic surfaces when combined with high
temperature and low pressure,

3.4.1 Passenger/Crew Protection

Provisions for the installation of anz onboard radi-
ation monitoring system for the detection of the
onset of solar particle events are included in the
basic design. In the operational phase, the
B-2707 will be linked to the NASA Solar Flare
Prediction Network and to solar observatories
via ground-based computers. The flight crew
will be advised to descend to lower altitudes in
sufficient time to prevent over-tolerance expo-
sure due to a high-intensity solar flare event.

3.4.2 Materials Protection

Simulated ultraviolet radiation as found at 70,000
ft is being combined with simulated flight temp-
eratures and pressures in environmental tests to
evaluate exterior materials. Selection and qual-
ification of nonmetallic exterior materials is
being based on these environmental tests (Air-
frame Design Report, Part D, V2-B2707-8).

Discoloration of some paints exposed {o solar
ultraviolet radiation ucually occurs at a decreas-
ing rate until a saturation discoloration is
reached. This saturation level is reached in
500-1, 000 hours of exposure to solar radiation
(Ref, 10). Paint, specified for external markings,
has been selected to withetand normal

radiation effects.

For corpuscular radiation, a dose of the order of
1015 particles per square centimeter is necessary
to affect paint films (Ref, 11). If the airplane
were in radiation zones one third of the time, a
flux of the order of 108 particles per square cen-
timeter per second would be necessary to give a
dose of 1019 particles per square centimeter in
one ycar of operation. Fluxes of this magnitude
are found only in the heart of the trapped electron
and proton belts and in the solar flares and winds
beyond the earth's electromagnet.c field.

The corpuscular radiation at the cruise altitudes
should not cause or contribute to any significant
degradation of the materials of the airplane.

3.5 PARTICULATE MATTER

Particulate matter is not expected to cause any
effects to the surfaces of the B-2707 either by
erosion or chemical action because the concentra-
tion in the stratosphere is so small, These aero-
sol particles, kowever, do collect radioactive
materials injected into the stratosphere by nuclear
event. This should cause no problem in the future
unless the amount of radioactive material
released in the atmosphere increases,

The total aerosol mass concentration 4n the
stratosghere is approximately 1,5 x 10-16
gm/cm® at stratospheric temperature and pres-
sure (Ref. 12). An aircraft traveling at 1,800
mph would encounter 4 x 1076 gm/cm? of aerosol
particles per hour on a frontal area if there were
no deviation of the airstream. However, the
effect of the large size and the configuration of
the B-2707 on the airflow would preclude effective
impaction of aerosol particles. Further, the
concentration is so low that no surface effects
from aerosol particles is expected either from
erosion or chemical action.

The natural aerosol particles in the stratosphere
can collect radioactive materials injected into the
stratosphere (Ref. 12).

The following statement on radioactive particles
in the stratosphere was published by Teweles and
McInturff on May 1966 (Ref. 8):

"Radioactive material paturally present
in the stratosphere is not significant as

a hazard to SST operations. Further-
more, artificially injected radioactive
material is negligible at the present

time and will remain so as long as there
is a moratorium on the testing of nuclear
devices in the atmosphere. "

The B-2707 has provisions for incorporating
radiation detection and filtering equipment in the
event of an increase in radioactive particle con-
centration in the stratosphere (Par. 3.4. 1),

In addition to the aerosol particles, precipitable
water particles must be considered. In the
stratosphere these particles will be ice in the
form of hailstones, snowflakes, or ice crystals.
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These particles may on occasion be enccuntered
at supersonic cruise altitudes. Supeisonic flight
through a thick cloud of ice particles should be
avoided, since reports show that considerable
aircraft damage has been sustained in thunder-
storm areas. Howevar, supersonic flights
through thin cirrus clouds have caused no detect-
able damage to aircraft (Ref. 8). Weather radar,
as described in Par. 2.8.2, is included in the
B-2707 and is capable of detecting thunderstorms
which are usuaily associated with significant
formations of ice crystals (Airframe Design
Report, Part A, V2-B2707-6-1).

The impaction efficiencies for a supersonic trans-
port wi" be low for most surfaces. For rain
erosion protection a ceramic cap is to be used on
the tip of the radome,

3.6 NATIONAL AIRSPACE SYSTEM
COMPATIBILITY
The National Airspace System (NAS) provides the
capability to monitor airplane relationships, to
adjust flight paths to prevent collision situations,
and to provide expeditious movement of airplanes.
The NAS must continue to be responsive to our
national aviation goals and objectives, and be
capable of timely and orderly implementation
within the limitations and constraints of the prac-
tical world. The NAS is comprised of hetero-
geneous elements, which are: airplane, pilot,
airport, aeronautical information, ground con-
troller communications, navigation, rules and
procedures, and ATC; the ATC being the super-
visory element. All of these components must be
integrated in any airspace utilization system.
The system that provides for the movement of
airplanes must be cognizant of the above diverse
elements because of their intimate interaction.
N¢ element can be omitted without a degree of
loss in system integrity in any feasible and
effective airspace utilization system,

The compatibility of the airborne communications
navigation electronics with the NAS is described

in the following paragraphs.

3.6.1 Air Trafic Control

The vital role of the air traffic control (ATC)
requires a projection of i{ts growth to evaluate
and ensure compatibility of interfacing systems,
In designing a compatible ATC system, the tol-
lowing items must be considered:

e Definition of the problem, comprising air
traffic density distribution, flow pattern,
altitudes and speeds

¢ Environment, modifications, rearrange-
ment, or evolution of ground station equip-
ment to provide the necessary growth
potential and accuracy requirements under
all environmental conditions

e Design choices, definitlon and description
of design principles and associated equip-
ment techniques

e ATC automation, description of ATC function
and related data processing and display
equipment

e Operational summary, description of flight
through the compatible ATC system

o Timing, scheduling for the progressive
development and implementation of new
equipment

The B-2707 airborne electronic equipment is
consistent with the present NAS environment and
exhibits the growth potential necessary to be
compatible with the planned ATC ground facilities
at the time of SST inception into the airline fleets,
In addition, the B-2707 has flight characteristics
i{n the terminal area compaiible with other con-
temporary alrplanes,

3.6.2 Communications

4.6.2,1 VHF Communications

Presently, the ATC system is faced with the
problem of expansion of the system's communi-
cation capabilities. Air traific controllers are
often required to share the use of channels be-
tween control functions. A direct consequence
is the need for additional very high frequency
(VHF) communications channels.

In general terms, the solution to the proklem
requires more effective use of the radio spec-
trum. Channel splitting offers some measure of
relief, but does not fully resclve the problem,

A more efficient use of the radio spectrum
embodies the datr-link communications technique,
which significantly reduces the communications
time required for a particular sirplane’'s messag?
transmission. With the advent of a time-sharing
data link, air traffic controllers will be able to
share the use of frequencies for various control
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functions. Consequently, the problem of assign-
ment of frequencies to ATC ground units will be
a less criticel problem. The appropriate ground
unit will be sutomatically alerted by a particular
airplane's code, regardless cf the number of air-
planes transmitting on that specific frequency.

The application of data link, with the accompany-
ing increased navigation aid accuracy in the ATC
system, will permit further reduction of cruise
communications and will permit the airplane's
position in time and space to be accurately known
at all imes. Correspondingly, the terminal
area communications traffic will be significantly
reduced.

With the implementation of the time-sharing data
link communications, the VHF spectrum will be
provided with the number of channels necessary
for the ATC communications,

The VHF transceiver selected for the B-2707 has
such features as: provisions for future use of
angle modulation, synthesizer frequency control,
adequate end~to-end checking of signal integrity,
25 kHz channel spacing for anticipated increased
communications load, satellite communications,
and data link, With these features, the proposed
VHF communication system will be compzatible
with the present and the future ATC system,

3.6.,2.2 HF Communications

High frequency (#F) communications (2-22 MHz),
as employed by the commercial airlines, pro-
vides long~range, over-the-horizon voice
communications, This system is not required
over the continental United States because of the
avallability of the more reliable VHF communi-
cations network, but will be available for use as
a backup.

Presently, HF communications are required for
the continental United States to Alaska/Hawaii
flight routes., The requirements for HF commu-
nications for the Alaska flight routes may be
clirninated by the implementation of extended-
range VHF communications. However, the HF
requirement for the Hawalii flight routes will con-
tinue until either the VHF satellite communica-
tions oystem or the VHF buoy system becomes
operational.

The HF communications transceiver proposed for
the B-2707 will provide the necessary frequency

coverage to operate with the present and planned
HF communications ground facilities, The modes
of operation available in the HF will be upper
sideband, amplitude modulation, and data. The
data mode will be compatible with future data-link
operations,

3.6.2,3 Satellite Communications (Satcom)
Current and forecasted air traffic densities in
the North Atlantic routes necessitated the pro-
posed implementation of a more reliable commu-
nications system than the present HF service,
As currently envisioncd, this new ccmmunica-
tions systom will be provided by VHF relay
through a synchronous satellite. Due to the
coverage of the proposed worldwide (excepting
the polar regions) satellite network, this system
will be avaiiable to airplanes operating in national
airspace,

However, in the continental United States, a
satellite communications system will do little to
enhance the VHF communications network other
than to add another mode of direct communication
between airplanes and company stations. The
flight routes terminating in the continental United
States where Satcom could provide primary com-

- munications are the United States to Hawaii/

Alaska routes and arriving international flights.
Satcom may evolve into an ATC system aid to
provide ranging and other infcrmation necessary
to locate an airplane in a three-dimensional
environment; however, initial satellite usage will
be confined only to the communication function.
This communications network will provide four

to six channels in the upper range of the spectrum
of the VHF Aeronautical Mobile Communication
Service.

The proposed VHF communication system for the
B-2707 includes provisions for the imnplementa-
tion of the equipment complement required for

an airborne Satcom system, and therefore,
establishes compatibility for any Satcom usage
envisioned in the future National Airspace System.

3.6.2,4 Ocean-Based Communications

The buoy system, as recently proposed and de-
fined by the British Air Ministry for use along
the North Atlantic flight routes, consists of a
series of hardwire connected, large, stable in-
stallations, These strategically located buoy
installations will house permanent maintenance
crews, and will have antennas extending well
above rough sea levels,

V4-B2707-1
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This buoy system concept, or a similar arrange-
ment, could be cirectly applicable to the conti-
nental United Staizs to Hawail/Alaska routes, and
also provide a method of fulfilling the require-
ments of the r:tional A irspace System.

The B-2707 communications system is compatible
with the proposed buoy system. These buoys will
be utilized as relays to process the VEF and ATC
beacon (seconda:y radar) signals from the air-
plane to continental ATC ~enters via the hardwire
circuits.

3,6.2.5 ATC Transpounder

Two m:jor problems facing the ATC system are
the reduction of voice communications and expan-
sion of the capability of the ATC Radar Beacon
System (ATCLBS) to accurately display the posi-
tion of airplanes within the control area.

The B-2707 ATC transponder contributes to the
solution of these two problems. The transponder
can decrease the number of communications by
transmitting, to a ground facility, a code which
v.presents certain flight conditions, Codes indi-
cating emergency conditions or complete commu-
nications failure are included in the ATC coding
system.

The ‘mplementation of the automatic altitude
reporting function also will aid in relieving the
communications workload and in pinpointing the
airplane's position, This function will provide the
alr traffic centroller with each airplane's altitude,
without the need for voice communications.

Provisions for a discrete airframe identification
function are included in the transponder. The
transponder is compatible with the National Air-
spacc System because it has the capability of
operating with 4096 reply codes, two- and three-
pulse slae-lobe suppression, and will operate
with the functions discussed above,

2.6.3 Navigation

3.6.3.1 TInertizal

Inertial systems will enhance airspace utilization
vecause they are self-contained navigators capa-
ble of precision worldwide operation under any
weather conditions and independent of ground
tased or other external alds. They are dynamic
devices capable of providing accurate guidance
and attitude information during the long-duration,
high-2ccelerations profiles, ard high-speed and

altitude-cruise conditions, The accuracy of the
airborne inertial navigation system (INS) for the
B-2707 is expressed in circular error probability
(CEP), without updating, of 1.5 nmi/hour for sub-
sonic flight and 3.3 nmi/hour for supersonic
flight. Their ease of operation, automatic capa-
bility, and continuous system integrity monitoring
will result in reduced flight crew workloads.

Use of inertial navigators wiil enhance direct dis-
patch clearing and parallel routing between
terminals allowing more efficient airspace utiliz-
ation and operating economy. They will provide
continuuus position information necessary for
accirate position reportinT and will be compatible
with future data-link operations, Wind informa-
tion is continually computed for weather report-
ing. Precise positio. data can be used to mini-
mize the effect of sonic boom.

With the future National Alrspace concept of
parallel routing being planned by the FAA, the
INS for the B-2707 will be the primary ravigation
device used in the accomplishment of this more
efficient method of utilizing airspace.

3.6.3.2 Automatic Direction Finder and LORAN
The automatic direction finder (ADF) system on
the B-2707 will be used primarily as a backup
system for terminal area and long-range naviga-
tion. Over the continental limits of national air-
space, the ADF becomes the subordinate system
for the INS and the VHF omni-range (VOR) for
enroute navigation. The ADF can provide en-
route position fixes in areas where VOR is not
usable or available, but still remains a backup
system to the INS. In terminal areas, the ADF
can be used by the flight crew as an additional
aid for position fixing.

The ADF is compatible with the present ground
stations, and examiration of the future concept of
the National Airspace System indicates continued
congruity. After the INS becomes generally
accepted for airline operations, the redundancy
of the ADF systems can be lowered.

LLORAN can also be used for long-range naviga-
tion, Provisions are included in the B-2707 to
accommeodate this system.

3.6.3.3 Pictorial Display

Review of the various available and projected
implementations of moving map displavs has
failed to justify assignment of prime panel space
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to a moving map display. Review and analysis of
requirements and capabilities of pictorial map
displays will continue to determine if benefits can
be derived from devices or concepts developea in
the future.

3.6.3.4 VORTAC

The proposed very high frequency omni-range
(VOR) and distance measuring equipment (DME)
will be functionally compatible with the VOR and
DME ground equipment. The VOR receiver has
the ability to utilize the signal from doppler VOR
stations, which the FAA has installed. The DME
interrogator can presently operate on 126 channels
with the built-in capability for utilizing 252 chan-
nels when channe!l splitting 18 implemented. Also,
the DME and VOR systems will be operable to a
288 nm{ range at altitudes above 60,000 it mean
sea level,

When flying below 45,000 it the DME and VOR
system installed on the B-2707 wiil be uperation-
ally compatible with ground installations to the
same extent as the equipment installed on present-
day atrcraft. However, when operating above
45,000 ft, there is a possibility that the airplane
will be within line-of-sight range of two ground
stations transmitting on the same channel. This
would cause the receiver to lose the original sig-
nal in the transition regicn where neither signal
i{s 8 db stronger than the other. After passing
through this region, the second signal could pre-
dominate and a different bearing and/or distance
would be indicated. Unless the pilot was con-
tinuously cognizant of the VORTAC indicators,
the change of ground stations reception could
cause confusion,

The solution to this problem is the planned imple-
mentation by the FAA of specific VORTAC ground
stations which will allow VOKTAC operation at
high altitudes (above 45,000 ft) on a noninterfer-
ence basis,

3,6.3.5 Instrument Landing Svstem

The B-2707 instrument landing systein (1.5} is
superior in accuracy and reliabilit. to those svs-
tems successfully used {n the Boelng lLow-
Weather Minimums Test Program, while remain-
ing compatible with poesent-day [1S ground in-
stallations; hence, no ground equipment modifica-
tions are required over those presently planned
for Category (11 operations, The B-2707 local-
izer, glide-slope receiver, and radio altimeter
systems are compatible with the environmental

design and accuracy requirements for Category Il
and [1I landing systems, They are further dis-
cussed in Par. 2.8.2,

The independent all-weather testing programs on
707-727 airplanes conducted at Boeing facilities,
coupled with detailed failure mode and effect
analyses and accuracy studies on existing 1LS
systems, have substantiated the compatibility of
the selected equipment with the approach and
landing requirements of the Nauonal Airspace
System,

3.6.3.6 Radar

The cloud tower tops of cumulo-nimbus forma-
tions will accasionally penetrate the cruise alti-
tudes in the flight corridors assigned to the
B-27017.

In order to :ivouiu such weather conditions at
supersonic speeds and remain compatible with
the Natlonal Airspace System concept, a weather
radar system is installed with detection ranges
sufficient to allow the pilot to accomplish an
avoidance maneuver characterized by the least
lateral deviation from the prescribed course,
These selectable ranges of the airborne weather
radar are 0 te 30, 80. 150, and 250 nmi with an
expanded display range capability of 100 to
250 nmi. Aside from resultant maintenance of
an efficient and economical ilight path due to the
least lateral deviation maneuver, the extended
detection range of the weather radar yields addi-
tional time for the pilot to evaluate and choose
the best possible avoidance maneuver, In addi-
tion, the least lateral deviation maneuver en-
sures that hard-cver maneuvers, resulting in
exceeding the prescribed crulse corridor limits
will by avoided.

PR 4

Improvements in airplane weather radar sensi-
tivity and antenna stabilization performance wiil
increase the quality of the weather information

displayed to the {light crew,

Improved {light operation under adverse weather
conditions wi:hin the terminal area ATC structure
will be possible, Greater avoidance capability
of weather hazards will be possible under the
1975 ATC system duc to improvements in the
ground stations and airplane weather radar sys-
tem. An expanded controller team having an
additional man per team will space-phase the air
traffic with the aiJ of the standly radar monitor-
ing system optiniized for performing the weather
functions.
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3.7 AIRCRAFT AND ENGINE GROUND HAND-
LING AND SUPPORTY

3.7.1 Summary

Successful ground handling and support techniques
developed for the current generation of Boeing jet
airrlanes can be easily updated to accommodate
the B-2707. The B-2707 has been designed with
special considerations for state-of-the-art
methods and existing and planned ground equip-
ment to minimize the impact on airline ground
operations and equipment investment. It is con-
servatively estimated that the B-2707 will be
compatible with 60 to 70 percent of the ground
handling and servicing equipment supporting sub-
sonic aircraft in the 1970's,

Considerable preliminary design and analysis
effort have gone into the handling and service
features of the airplane, so that as many service
actions as possible can be performed simulta-
neously without interference with other services,
and without jeopardizing safety. The B-2707
ground handling characteristics will permit en-
route flight service within the desired capability
of 20 minutes, The desired capability of 30 min-
utes for turnaround service is met for all
operations,

Boeing jet transports are designed with the.objec-
tive that any individual maintenance task can be
accomplished in 8 hours downtime. This same
objective, applied to the B-2707, allows a flexible
maintenance program, adaptable to the many
divergent operational requirements of domestic
and international airlines,

The scheduled line maintenance program for the
B-2707 consists of three levels of checks: dalily
check, intermediate check, and periodic check,
performed repetitively at progressively higher
airplane flight hours. The ground elapsed time
goals for the daily, intermediate, and periodic
checks are 1, 4, and 16 hours respectively. The
major work zones on the B-2707 are well dis-
persed and access is good. Scheduled line and
overhaul maintenance work requirements on the
B-2707 will be similar to current and advanced
subsonic jets.

To facilitate scheduled and unscheduled mainte-
nance, the airplane incorporates features, such
as built-in self test, alrcraft integrated data sys-
tem (optiornal), and quick disconnect equipment,
to allow rapid troubleshooting of systems, rapid

replacement of components, and conventional
repair of minor structural damage. A "boot-
strap" method can be used to raise and lower the
entire propulsion pod (engine, inlet and exhaust)
or the engine section, inlet and thrust reverser
nozzle individually., A minimum of grcund sup-
port equipment will be required to support the
onboard maintenance capabilities of the airplane.
A maintenance analysis was conducted during the
B-2707 configuration development period to
define the line and base maintenance support

requirements. See Maintainability Program,
V4-B2707-15

The results of detailed laboratory tests and heat
transfer analysis indicate that residual heat in
the airplane structure due to aerodynamic heating
will not affect normal ground servicing operations
(see Par, 3.7.2.3). Unscheduled maintenance in
heavy structural areas may require auxiliary
cooling to permit rapid access, inspection, and
replacement with ground times necessary to
achieve an economical maintenance operation.

The complete listing of ground support require-
ments defined to date is included in GSE Require-
ments Specification, D6A10180-1,

3.7.2 Ground Handling and Servicing

The company has applied the jet transport ground
handling and servicing methods developed for the
current series of subsonic airplanes to the
B-2707 supersonic transport, Adoption of the
best of these methods and utilization of the ex-
tensive airline experience with Boeing airplanes
will permit the B-2707 to be easily integrated
into the airline ground operation environment.

A general servicing arrangement for the B-2707
is shown in Fig., 3-9. Ground handling and
servicing of the B-2707 can be accomplished,
using the same type of equipment and facilities
normally available at major jet transport
terminals,

Modificaticns of existing ground support equip-
ment will be necessary in some cases, to enable
service personnel to reach certain B-2707
service panels, Most of these modifications will
also be necessary to support the large subsonic
jets currently programmed for airline use.

The high degree of compatibility of the B-2707
design with airlines ground support equipment is
illustrated by the matrix shown in Fig, 3-10. By
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Fizure 3-9. General Service Arrangement

AIR CONDITIONING

designing the B-2707 for efficient ground handling - GSE STAWFS
and service, using state-of-the-art methods and e B N I T -l
ground equipment, the impact of the supersonic - e I m
transport on airlines' ground operations and v vV
equipment investment wiil be minimized. It is —— v
recognized that the B-2707 will not enter airline —a
service for several years, and that to ensure sawa v
effective and efficient airline ground operations in Tt v
the interim, co.itinuous replacement and improve-
ment of ground equipment will occur. The com- At (W0 (AFT
pany will conduct a continuous giround support . v
analysis and evaluation program so that recom- ] B S—
mendations for ground handling and servicing R v
techniques, and equipment will always be within -
the capabilities of the airlines and industry. =
- v
Ground handling and servicing at originating, e
enroute, and turnaround stations include all it v
actions, other than maintenance, which must be - v |
performed by ground personnel to prepare the 5 1 -
airplane (1) in the case of origin or turparound - Voo Vv
servicing for a flight involving maximum range A \,\f:/

and payload or (2) in the case of enroute servic-
ing, for the remaining porticn of the flight or to
the next enroute station. Under full-load con-
ditions, 100 parcent of the payload must be loaded
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and unloaded at the origin and turnaround stations,
while at the enroute station, 50 percent of the
payload must be exchanged. In addition to pay-
load exchange, the servicing procedures

(Par. 3.7.3.3) must be safely and efficiently
completed in the station environment within

90 minutes for the origin/turnaround stations
under normal use conditions, with a desired
servicing capability of 30 minutes, and within

30 minutes for the enroute stations under normal-
use conditions, with a desired servicing capability
of 20 minutes. '

Analysis of the requirements for ground oper-
ations indicates that the ground handling and
service time objectives, as stated above, can be
achieved. The B-2707 ground handling character-
istics permit enroute service within the desired
capability of 20 minutes for all operations except
those requiring maximum fuel load. A complete
fuel load for an enroute stop can be supplied in
less than 30 minutes. The desired capability of
30 minutes for turnaround service is met. The
following paragraphs discuss, in detail, the
time-phased ground operations., Composite time-
lines for these operations are shown in Figs. 3-11
and 3-12,

3.7.2.1 Ground Handling, Operations

Ground handling is that portion of ground opera-
tions during which the aircraft is being towed or
jacked by ground personnel.

a. Towing. Trade studies have been con-~
ducted to determine the best method for maneu-
vering and poaitioning the B--2707 at the air
terminal, At this time these studies indicate
that the present method of moving jet aircraft
with a towbar and tow tractor, still provides the
most economical and efficient means of airplane
movement. Studies of such methods as cable
winching, airborne wheel mover units, and
externally-powered individual wheel motors, will
be conducted to ensure optimum operational
methods of towing.

A static drawbar pull of approximately
50,000 1b is required to move the 675,000 1b
gross weight B-2707 straight ahead on dry con-
crete up a 3 percent grade, This will require a
tow vehicle weight of 60,000 to 70,000 lb, de-
pending on the traction developed. Under adverse
conditions, such at snow or ice, a tow vehicle of
over 100,000 lb gross weight may be required.

Figure 3-13 illustrates the ground motive force
requirements,
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Figure 3-13. B~2707 Ground Moving
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Towing adapters are installed on the B-2707
nose and main landing gear to provide forward and
aft towing capability. Provisions for nose gear
axle-end towing will be provided, if desired hy
the operator,
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Figure 3-14. Towing

A low-profile tow tractor, (Fig. 3-14) offers
the most feasible approach to ground movement.
Operating the tow vehicle beneath the aircraft
nose section eliminates the additional tractor
maneuvering space in front of the airplane. This
will be a distinct advantage where nose-in parking
is employed. The clearance between the bottom
of the nose area and the ground is approximately
10 ft, A 24-ft-long towbar and a 20-ft-long tow-
ing vehicle are required.

Figure 3-15. Jacking

Vi-B2707-1

Some of the larger tow vehicles now in
seriice with the airlines have static drawbar pull
capabilities of up to 40,000 b, which will tow
the B-2707 under all but adverse conditions.

vehicles are generally used by the airlines for
aircraft movement; the B-2707 could be handled
in this manner. In addition, larger tow vehicles
are now being developed to tow the Air Force
C-5A and the Boeing 747 (ransport, These tow
vehicles will also handle the B-2707.

Under adverse conditions, two or more tow i

b. Jacking, Provisions for jacking the main
and nose landing gear for wheel and tire change
are incorporated into the landing gear trucks.
Existing 35- to 40-ton alligator-type jacks can be
used for tire and wheel change on the nose landing
gear and the main landing gear. Figure 3-15
depicts the method in which the landing gear jacks
are used.

3.7.2.2 Ground Servicing, Operations

The ground service times and procedures dis-
cussed in this section are based on data supplied
by American, BOAC, Lufthansa, Pan American,
Trans World and United Airlines, Substantiating
data has also been obtained by the co.npany's
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indvstrial engineering and product support per-
sonnel through actusal task-time data gathered
during observation of airline terminal opcrations.
The data recently obtained is contained in Ground
Service Time and Motion Studies (Ref. 13), The
data obtained was evaluated and correlated to
B-~2707 requirements and the optimum predicted
B-2707 service times were developed. The
rasults of analysis of service times are discussed
in the following paragraphs:

a. Passenger Loading/Unloeding. The
B-2707 is compatible with all present systems of
passenger loading. The forward-wing position,
the number of passenger doors, their size and
lccations permit loading equipment placement
and passenger handling rates equivalent to or
better than existing commercial jets., Normal
passenger loading and unloading are accom-
plished through two plug-type doors located on
the left side of the airplane (one 32-in. wide and
72-in. high, centered about Body Station 817, and
one 42-in, wide and 72-in. high, centered about
Body Station 1542), Although passenger loading
and unloading are normally conducted through the
two forward-entry doors, two other doors, lo-
cated on the left-hand side of the fuselage (one
42-in, wide and 72-in. high, centered about Body
Station 2251, and one 32-in. wide and 72-in.
high, centered about Body Station 2961) can be
used to facilitate more rapid loading and unload-
ing of passengers, The doors swing inward and
then outward and rest against the body in the full-
open position. Passenger loading and unloading
devices, capable of reachiug the 152-in, sill
height of the forward-entry door and the 168-in.
sill height of the mid-entry door, are required
for normal loading operations. Special loading
ecujipment would be required to utilize the two aft
doors.

Passenger loading bridges are available in
many configurations, such as fixed length and
variable length swing types, which are pivot-
anchored at the terminal end, and extendable
types suspended from rail beams attached to the
terminal buildings. All swing-type bridges cap-
able of extending to about 100 ft will be usable for
loading the B-2707 at the forward door. Most of
the existing bridges of this type will be usable at
the mid-eniry door, but will require a height
extension of 8 in. One method of achieving this
height would be to provide a transition ramp at
the airplane end of the loading bridge (Fig. 3-16).

R il

Figure 5--16. Passenger Loading

At John F. Kennedy International Airport,
and certain similar air terminals, the presently
installed raii beam-mounted bridges used with
forward-entry door icading will require modifi- .
cation to be compatible with the B-2707. In these
cases, it will be necessary to move the loading
bridge farther out from the building to reach the
forward-entry door, located approximately 52 ft
from the nose of the airplsne. At air terminals
where a large volume of passengers must be ex-
changed using the ncse loading type facility ter-
'‘ninal facilities must be provided to utilize both
the forward- and mid-passenger service doors.
A detailed discussion of air terminal facilities
requirements is contained :n Sec. 4.0.

The mobile lo':. ,& concept for passenger

handling {s comrlewely compatible with the B-2707.

Self-propeiled mobile lounges used at Dulles
International Airport, Washington, D.C., are
54-ft lopg, 16-ft wide, and 17-1/2 ft high, and can
reach to a s/ . height of 150 in. No mr-".fication
is requireq for loading through the forward-entry
dvor; icwever, the transition ramp will require
modification for the 168-in. sill height of the mid-
entry door.

While these concepts may be apptied to B-2707
passenger loading, it i8 empheasized that the
B-2707 is designed to be compatible with ali
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existing methods, including standard manual or
powered passerger staircases of all tvpes now in
worldwide use.

In Europe, many airports use apron buses to
move passengers from the terminals to the air-
plane, where the passengers are loaded and ur-
loaded on staircases. Existing staircases can be
used at the forward-entry door. Staircases with
a higher reach will be required at the mid-entry
door.

The average boarding rate through the main
forward-entry door is 2-1/2 sec per passenger.
The average deplaning time is 2 sec per pas-
senger, The average boarding rate for the main
mid-entry door is 2-1/2 sec per passenger, and
the deplaning rate is 2 seconds per passenger.
Motorized boarding equipment is positioned within
30 seconds, and passengers commence deplaning
within 1 minute. Thus, the passenger handling
service times, as shown on the composite time-
lines (Figs. 3-11 and 3-12) for an origin/turn-
around station will be 8 minutes to deplane the
full 277 passengers and 9.5 minutes to enplane.
The passenger loading times for an enroute stop
will be 5 minutes for deplaning and 5.75 minutes
for enplaning. Figures 3-17 and 3-30 illustrate
graphically the procedures and times required
for passenger handling, Figure 3-17 is one of
several which break down the servicing functions
into task and time procedures and compare the
present-day subsonic aircraft servicing require-
ments to the B-2707. (Figures 3-30 through 3-42
illustrate the remaining servicing functions and
are located in Par. 3.7.2.4).

b. Baggage/Cargo Handling. Baggage and
cargo handling is a significant time consuming
task in airline operations. The B-2707 can uti-
lize preloaded containers, if desired by the air-
line, to .. luce the time required to handle the
large amounts of baggage and cargo to be trans-
ported and to meet the ground operations times
as stated in the RFP,

Two large baggage and cargo compartments
are provided on the B~2707, one forward in the
lower section of the fuselage, with the loading
door centered about Body Station 1362; the aft
cargo compartment is located immediately aft of
the passenger cabin, with the loading door cen-
tered about Body Station 3320. Both doors are
50- by 100-in. sliding plug-tvpe doors, located
on the bottom of the fuselage.

2
)
B27) 177 PASSENGERS n
T01/0C-4 119 PASSENGERS gy w
"
SERVICE TASKS
%
[~ PASSENGERS DEPLANING —
L A POSITION EQUIPMENT oy 18

8. OPEN MAIN ENTRY DOORS

C. TIME TILL PASSENGERS COMMENCE DEPLANING

OEPLANE PASSENGERS

0. FORWARD ENTRY

g

—  E. MIDENTRY —

| PASSENGER BOARDING _l'

| £ POSITION LOADING EQUIPMENT . L_E»
G. OPEN MAIN ENTRY DOORS 5

[ soano Passexcens

™ . FoRWARD ENTRY

— 1 MDENTRY

L J. CLOSE AND SECURE MAIN ENTRY DOORS

. REMOVE EQUIPMENT

Figure 3-17. Origin/Turnaround Passenger
Loading/Unlooding

The forward compartment accommodates
1,902 cu ft of bulk or hand-loaded cargo or 1,376
cubic ft in the 16 preloaded cargo containers.
The aft compartment accommodates 1,204 cu ft
of bulk or hand-loaded cargo or 708 cu ft of cargo
in s1x preloaded containers, plus 140 cu ft of bulk
hand-loaded cargo.

Although the baggage/cargo compartments
are designed to allow hand loading of baggage and
cargo using conventional -type conveyor loading
equipimment, both compartments have provisjons
for installation of an integral container loading
system, which will allow the ground personnel,
worldng at ground level, to load, stow, and un-
load the containers (Fig. 3-18), Use of this
method of cargo handliug will allow 50 percent of

V4-B2707-1
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Figure 3-18. Corgo

ihe bagyage/cargo to be exchanged at an enroute
station with in 12.4 minutes. One hundred percent
of the baggage/cargo can be exchanged at origin/
turnaround stations within 23 minutes (Figs.

3-31 through 3-34).

The B-2707 can also be hand-loaded, using
conventional ground loading equipment, such as
conveyor belt loaders, Although hand-loading is
not as fast or as efficient as the containerized
loading system, the B-2707 can be hand-loaded at
the r~vnuts nnd origin/turnaround stations and
meet *he Ju- r_.d 90-minute RFP requirement.
The hand-loading times are 21 minutes for the
enroute station and 38 minutes for the origir./
turnaround station.

Hand-loading of the baggage/cargo compart-
ment will extend the total time required fer
origin/turnaround and enroute servicing to 4'. 64
minutes for origin/turnaround and to 24. 64
minutcs for enroute gervicing.

c. Frveling. The maximum usable fuel capac-
ity is 54,790 U.S. gal (367,100 1b) of commercial
aviation kerogene. Two illuminated wing fueling
stations, located at Body Staticn 2346, Buttock
Line 250, and 11,2 &t above the ground, each hav-
ing two filler receptacies, are provided for pres-
sure fueling (Fig. 3-19). The right-hand station
{s equipped with individual fuel tank quantity gages
and fuel valve control switches. The system is
designed for a fueling pressure of 50 psi and a fill

rate of 500 U.S, gpin at each receptacle (1000 gpm
at each station, 2000 gpm combined), Fuel vents
are provided in the outboard wing and in the aft
body tail cone. To supplement the electronic fuel
quantity indicating system, a backup fuel quantity
gaging system is provided on all tanks.

Fueling requires a mobile or stationary ex-
ternal fuel source and connecting hoses provided
with nozzles that mate with the filler adapters.
Mating connectors for pressure fueling are the
same as rsed with present 707-727 type uirpisres.
All present fueling equipment used to service
existing jet transports, having the desired flow
rates, are capable of fueling the B-2707. In
general, a fuel dispensing rate of at least 500 gpm
at 50 psi per filler nozzle should be available to
keep servicing times to a minimum.

Defueling .8 accomplished through the pres-
sure refueling receptacles. A manual valve,
operable only from the ground, connects the fuel-
ing manifold to the engine fuel system to allow use
of the boost pumps in defueling. Using the cross-
feed manifuld, it is possible to defuel to the sump
level. The fuel service access panel cannot be
closed when the defueling valve is in a position
other than the closed position. Approximate de-
fueling rates, using boost pumps, are 150 U.S.
gpm per receptacle, or 600 U.S. gpm total,
Suction defueling is also possible, using ground
equipment.
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Figure 3-19. Fuel Service

An example of a time-critical fueling statiua minute enroute stop is 179,600 b, Due to these

i3 the enroute stop at Paris during a Rome-Paris- conditions, either extra fuel must be carried from

New York flight. To continue the flight from Rome, or the cnroute stop extended to 25 minutes

Paris to New York, approximately 244,000 Ib of to accomplish the required fueling,

fue‘l' “;lfl be}x:qmu:d. .Thilﬂhﬁogh(; d~xs(§at»ce(;rlcior— d. Turnaround Fueling. During origin turn-
U ire"a': roil;n:amrlnog ;géncwtuteam?ll:s L("I?he: n‘::ij‘ around servicing 307,100 b of fuel can be supplied

§ app ¥ o3, 1003 niies. - to the B-2707 durin 30-minute )

mum fuel load which can be suppl’  during a 20- o the 707 during the minute atop. For a
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maximum usable fuel load, this assumas that
60,000 1b of fuel reserves are alrend' on board.
Figures 3-35 and 3-36 depict the service tasks
and times required to fuel the B-2707 at or!gin/
turnaround and at enroute stations.

e. Galley Servicing. Four plug-type galley
servicirg access doors are provided on the right
side of the airplane; three are used for normal
galley service. The forward galley service ac-
cess is a 32-in. by 60-in. door, centered about
Body Station 846, with a sill height of approxi-
mately 152 in. The center galley service access
is a 42-in, by 60-in, door, centered about Body
Station 1542, with a sill height of approximately
168 in. The aft galley service access is a 32-in.
by 60-in. door, centered about Body Station 2961,
with a sill height of approximately 210 in. The
service doors open outward after an initial in-
ward movement and rest against the fuselage in
the full ~open position.

Five galley units are provided. One unit is
located forward in the first-class section, two
units are located in the mid-tourist—class section,
and the remaining two units are locatcd at the rear
of the tourist-class section. Each galley location
is provided with galley service access doors im-
mediately adjacent,

IR A Rl e ]

{
‘ﬂ
i

Mobile lift-type i 1ders presently used by
commercial airlines will adequately service
the forward and mid-gulley locations. At the aft
galley location, & new unit of service equipment
will be required. These servicing concepts are
shown in Fig, 3-20. Trade studies are being
conducted to determine the optimum method and
equipment needed to service the galleys. These
studies will continue to ensure optimum equip-
ment for the preduction-type ajrplane.

The B-2707 galley service times, based o~ an ele-
vated van-type galley service truck is approxi-
mateily 16 minutes for the enroute stop and 18
minutes for the original turnaround stop, using

2 ground service units (Figs. 3-37 and 3-38),

f. Potable Water Service. One pressurized
water supply of approximately 60 U.S, gal, with
pressure automatically maintained, is provided
for washing, galley, and drinking purposes. The
water lank is sized to accept 80 U.S. gal of water,
at customer option. The tank is located below the
main floor, forward of the nose gear well and is
pressurized by air taken from the air-conditioning
supply ducting or from a ground pressure source
during ground servicing.

Figure 3_20. Golley Secvice

V4-B2707-1

/™




WATER FiLL PamCL

P .l-

P

’/Q

Figure 3-21. Water Service

The water service panel is located in the for-~
ward equipment bay, forward of the nose gear
well, at a height of approximatelv 108 in. (Fig.
3-21).

Ground service equipment now in use by the
airlines for potable water servicing will satisfy
the B-2707 requirements and may be either a per-
manent water service installation or a mobile unit,
Normal ground filling rate is 10 U.S, gpm at 25
psig, using a 3/4-in, fitting. A service stand,
integral to the service unit, may be neces-
sary to reach the height of the service panel,
depending on the type of service unit used. Re-
quired service time to refill the 60 U.S. gal capac-
ity is 9. 25 minutes (Fig. 3-30).

During flight operations when low payloads
are carried, water ballast is required to maintain
the airplane center of gravity within acceptable
limits. This water ballast is contained in a
1,380~ gal bladder tank in the forward equipment
bay. Normal ground filling and draining rates
will be 150 gpm and the service time required for
the maximum load is 12-1/2 minutes (Fig. 3-22).

g. Toilet Servicing, Six flushing~type toilets
are provided: omne located in the first-class sec~
tion of the passenger cabin, centered about Body

SERVICE TASKS
A POSITION SERVICE EQUIPMERT

B OPEN FORWARD EQUIPMENT BAY DOOR

€ GAIN ACCESS TO SERVICE PANEL

D CONKECT SERVICE HOSE

£ FILL OR DRAIN BALLAST TANK

RIUTES

F DISCONMECT AND STOW SERVICE HOSE

G CLOSE AND SECURE FORWARD EQUIPMENT BAY

X

H  REMOVE SERVICE EQUIPMENT

o e

LAPSE SSRVICE

(_;T»\'L 2

]
]

HGT APPLICARL.E TO 27/12-8.

Figure 3-22, Water Ballast

Station 790; three located in the center-cabin
section, centered about Body Station 1542; and one
aft of the main passenger cabin, centered about
Body Station 3000, Each of the toilets has a waste
tank of 20 U, S, gal capacity. The three toilet
waste tanks in the center location and the two
waste tanks in the aft location are manifolded tc-
gether to provide a single-service puint at each
location. With these and the front location, three
toilet service access panels are provided on the
lower surface of the fuselage (Fig. 3-23),

All toilet service connections on tie B-2707
are the same as those in use on present Boeing
jet transports. The toilets have 4-in. drain out-
lets. Servicing ecuipment should have at least a
150 gal waste water tank, a 60 gal flushing water
tank, and a 30 gal chemical solution tank., It

V4-B2707-1

125



126

Figure 3-23. Lavotory/Toilet Service

must have a reversible-flow pump system, cap-
able of 15 (0 20 gpm at a pressure of 25 psi, and
must be equipped with a flow meter for chemical
flushing. Each teilet will require three galions
of fresh chemical after each flushing operation.
All tanks on the service truck should be equipped
with heaters to prevent freezing during extreme
low tempercture weather operation.

Due to the similarity of the systems, service
times and tasks for the B-2707 and subsonic
transporte are nearly identical, The required
toilet service time for the B-2707 is 12.50 min-
utes (Fig. 3-40).

h. Air-Conditioning. Conditioned air !s re-
quired immediatcly after engine shutdown to
maintain passenger and flight crew comfort, The
ground conditioned air supply source shotld be
capable of maintaining the cabin temperature at a
maximum of 85° F, with a full load of passengers
on a standard 103°F hot day; or maintain the
cabin at a miniimum of 75° F, with as few as 60
passengers aboard when the outside air tempera-
tur2 is minus 50°F, Figures 3-24 and 3-25 indi-
cate the heating and cooling requirements for
varying ambient conditions. Aithough extremely
large capacity units may be required under ex-
trerme conditions, calculations indicate that a
refrigeration capacity of 60 to 80 tens and a

heating capacity of 600,000 Btu/hour will ade-
quately support the B-2707 under most operating
conditions,

Aircraft ground air-conditioning may also be
provided using the engine ground start cart to
drive the air-cycle machine turbine, which sup-
plies air-conditioning through the on-board en-
vironmental control system,

Ground air-conditioning service is not a crit-
ical time factor in the service procedure. It
requires only one minute to provide connection of
the ground unit to the aircraft. A ground air-
conditioning service panel is located on the lower
portion of the fuselage at approximately Body
Station 3020, 158 in. above the ground, and con-
tains an 8-in. -diameter supply duct (Fig. 3-26),
Ground air-conditioning equipment now available
or in airline inventory will adequately serve the
B-2707 for moderate temperature conditions.

i. Ground Interphone Communications. The
ground interphone communications system is used
to facilitate servicing and coordination of other
activities in and around the airplane, External
connections are provided at the two electrical
equipment bays, in the nose wheel weli, at both
fueling stations and on each engine nacelle,
Existing ground communications equipment used

V4-B2707-1
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on presant jet transports will be compatible with
the B-2707.

j. Ground Electrical Power. Ground elec-
trical power is another ground service required
to permit performance of the ground service func-
tions, and is not, itself, time critical. Ground
electrical power ig required continuously from
just prior to eugine shutdown fo just aftar sagine

startup.

A 60 kva external powar receptacle I8 pro-
vided in the 10se gear wheel well for ground oper-
ations (Fig. 3-27). Power requirements for the
B-2707 are 115/200 volts, 3~phase, 400 cps ac.
Direct carrent is supplied by six airplane-installed
28 volt, 75 ampere transformer/rectifiers or by
an external source. Electrical load analysis, as
contained in the Systems Report, Part A, V2-
B2707-10, indicates that the maximum ground
power reqguiied wiil be 33 kva.

| —

Figure 3-27. Grownd Electrical Power

&,

Ground service paneis and ccanectors will be
similar to those in existing commercial jet trars-
ports, and existing ground pcwer nits will ade-
quately service the B-2707. The mating fittng cn
the GSE unit will be an AN3430 cornector and
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cable to connect to the AN3114-13 receptacle,
Mobile and stationary power sourccs with ratings
of 60 to 146G kva, now in use by the airiines, can
be used for B-2707 electrical support.

Electrical ground power can also be obtained
by operating an on-board generator {through the
ADS) by using a ground air cart.

k. Cleaning. At origin/turnaround termi-
nala, cabin and cockpit cleaning and servicing are
required, as opposed to the enroute servicing,
where only micor cabin pickup and straightening
are periormed by the flight attendants. At an
origin/turnaround, the entire cabin and cockpit
s1e loaned 27d serviced by ground service per-
sonnel. l_terior cabin and flight-deck cleaning
method; are similar to those now used on existing
jet transpori.:, Elcctrical outlets are provided in
the cahir siacwall.

At the origin/turnaround station, interior
cabin cleaninz is one of the time~critical services
pe.formed. To accomplish the 30-minute service
time, ‘he cleaning crew in the first class and for-
ward-tourist compartment should begin their
cleaning services immediately after the passen-
gere n these compartments deplane. Upon com-
pletior of cleaning and servicing of the forward
compartment, the forward cleaning crew augments
the nft cleaning crew to complete interior clean-
ing. The to.al elapsed cleaning time required is
13.5 minutes. Figure 3—41 details the cleaning
and servicing tasks and times required.

1. Engine Starting. A ground source of
pneumatic power is required to start the engines
of the B-2707. The engines are started by pneu-
m.tc starters mounted on the accessory drives,
The ground air source connection i3 located on
the lower righthand side of the No. 4 engine
nacelle {Fig. 3-28), After starting the No. 4
engine, this engine can “e used to start the vther
anoines, or t'e ro.naining engines may be started
using the ground cart. A ground air source at
S0 pain aad 254 b per mirate ow rate is re-
quired to achieve a desired ground starting time
of agprox ma.ely 30 seconds per engine under all
amdcipated ambiant conditions.

The high pressure air sou-ces currently
being used {or jet transport ¢ agines will start
the B-2707 engin2s, out with longer stariing
times. Two of these uni - operating in parallel,
or a new unit providing th  regrired fiows and
pressurcs (Table 3-4) reduces the starting Ume
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Figure 3-28. Engize Starting

to approximately 30 seccads. Total engine start-
ing time is approximately 4.64 minutes, as
shown in Fig, 342,

Toble 3-A. Engine Starting Requiremants—
3G Second Stort

; Starting Data 59*F | 125°F | -50°F
Inlet presaure, psia 30.5 ! 46 32.2
: Inlet tempersature,*F | 374 437 i 268 ;
| Afr flow, b per min | 254 ; 224 281
* Time to start, aec 28.8 315 - 28,5 ;
Timc to engine idle 29.3 36.2 1 27.0 J

- i 2 1

The engine starting cart can also be used tc
supply aircraft air-conditinniny by driving the air-
eycie machine turbine, as descrioed in the en-
vironmental cortrol section of Syste ms Report,

Part A, V2-B2707-10.

All of the GSE discussed herein is covered in
more detai! in the GSE Requiremenrts Specification,
DSA10180-1,

3.7.2.3 Residual Heat C_asiderations

Accurate heat transfer analysis is essential both
to the design of the B-2707 and to the understand-
ing of porential operational problems. The
company's predictions, based on theories verified
and corrected by iaboratory tests, indicate near
ambient temperatures will exist in areas requiring
normal ramp servicing. Exterior access panel
temperatures will be approximately 100° T,
Heavier supporting structure around access panels
may reach temper.turea of 100 to 130°F (Fig.
3-29), but will pose no problem for ground service
personnel. Some heavy structure areas will be-
come progressively warmer over 4 series of
flights and reach ground temperaturs levels of
approximately 160 to 170°F. Also, some amall
compartments in the wing containing hydraulic
actuators may have temperatures as high as
200°F shortly after landing. Such compartments
are, however, too small to enter., Normally

V4--B270%7-1
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HYD EQUIPMENT 200° - 250°

RUDDER e
ACTUATOR 200° - 250° —
REAR ACCESS PANELS

100° - 130° TYP

30° TY '
BN

lro\%g Aclzz%gss T%NELS N
}\‘/
ADS & MAIN PUMPS = r2
M0 -250° e
STARTING AIR
RECPT 100°- 140° WHEELS & BRAKES SAME'
AS CURRENT AIRPLANES

GEAR ACTUATOR  200° - 250°

CARGO HATCH DOOR 100° - 120°
GEAR ACTUATOR 200° - 250°

WATER & LOX TANK 100°- 120°
TYP OF ALL ACCESSES FWD OF ENGINES

NOTES .
1. ALL TEKPERATURES AT TIME GF PARKING
2. DOOR TEMP. VARIES FROM 100° ON QUTSIDE
TO 120° ON INSIDE REINFORCING STRUCTURE
3. ALL TEMPERATURES ARE°F

CONTROL SURFACE
ACTUATOR 250° - 300°

ENGINE CASING
P& W 150° = 250°
GE 200°-300P
VARIABLE WING
ACTUATOR 200° - 250°
TRAILING EDGES
10v° - 120°

ACCESS PANELS
100° - 120°

LEADING EDGES
2 Tote- 130°

WING PIVOT  140° - 160°

FUEL RECEPTACLE 100°- 110°

N TT——rueL TaNKs 120 130

ELEC BAY ACCESS
AIR COND BAY ACCESS 100°- 120°

N INNER CABIN
o 70° - 100°

l_ "
RADOME ACCESS 125°

NOSE PIVOT  120°

— GALLEY & ENTRY DOORS
100° - 120°

Figure 3-29. Residual Heat Temperotures

origin/turparound and enroute service will not be
affected by such areas except when unscheduled
maintenance is required. In these cases, it may
be necessary to provide auxiliary cooling to per-
mit rapid access, inspection, and replacement
within ground times necessary to achieve an eco-
nomical maintenance operation,

3.7.2.4 Service Time Comparisons
The incividual time charts in this section (Figs.

3-30 through 3—42) are used to compare the
B-2707 servicing functions with present day jet
transperts. The times shown for the B-2707 are
those used to form the composite servicing time-
lines (Figs. 3-11 and 3-12). The dat» used in
these studies is based on information suppliec by
airlines and is contained in Ref. 13,

V4-B2707-1
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B-2707 - 277 PASSENGERS %% EXCHANGE )
TOI/0C-4 129 PASSENGERS %0% EXCHANGE 1 CONTAINERIZZD CARGO
v
SERVICE TASKS SERVICE TASKS
—  POSITION EQUIPNENT . | UNLOAD BAGGAGE /CARGO
- A. OPEN MAIN ENTRY DOORS 5 A POSITION CARGO HANDLING EQUIPMENT »
£. OPEN CARGD DOORS
8. TIME TILL PASSENGERS COMMENCE DEPLANING 1) a
I~ REMOVE CARGO CONTAINERS
i | OEPLANEPASSENGERS _ 3 | C. AFT CARGO COMPARTMENT- 6 CONTAMERS 5
) C. FORWARD ENTRY-CONCURREN1 2 0. FORWARD CARGO COMPARTMENT- 16 CORTAINERS
D. WD ENTRY g [~ €. FORM CARGO TRAIN AND RENOVE
—  BOARD PASSENGERS i LOAD BAGGAGE/ CARGD
' LOAD CARGO CONTAINERS
£ FORNARD CNTRY-CONCURRENT ¥ =
F. AFT CARGO COMFARTMENT- § CORTAINERS
I~ F. WD ENTRY ¥ |~ G FORBARD CARGO COMPARTMENT- 16 CONTANERS
=
u G. CLOSE MAIN ENTRY DOORS % | . SECURE CONTAINERS AND CLOSE 00ORS
H. REMOVE EQUIPHENT I ASSEMBLE & REMOVE BAGGAGE/CARGO TRAIR
I N
n Figure 3-30. Enrevte Passenger Loading/Unloading Figure 3-31. Origin/Tumereund Boggege/Corge Service
{ Conteinerized Cergo)
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B-2707 - 16 MAN CREW
101/0C-8 - 8 MAN CREW

j— UNLOAD BAGGAGE/CARGO

2

A. OPEN FORBARD ARD AFT CARGO COMPARTMENTS
& POSTION MOBILE BELT CARGO LOADERS

= C. BAGGAGE NANDLERS ENTER CGMPA RTHENT

D. UNLOAD FOMRARD AND AFT COMPARTMEN TS

p—

LOAD BAGGAGE/ CARGC

I

™ € LOAD FORRARD ARD AFT COMPARTUENTS
| F. DAGGAGE NANDLERS EXIT COMPARTIENT
G. CLOSE COMPARTMENT DOORS

N, REMOVE EQUIPWENT

SERVICE TASKS

UNLOAD BAGGAGE/CARGO
A OPEN FORWARD AND AFT CARGO COMPARTMENTS
8. POSITION MOBILE BELT CARGO LIADERS
C. BAGGAGE HANDLERS ENTER COMPARTUENT
0. UNLOAD FORWARD AND AFT COMPARTMENTS

LOAD BAGGAGE/CARGO
£. LOAD FORWARD AND AFT COMPARTMENTS
F. BAGGAGE MANDLERS EXIT COMPARTUENT
G. CLOSE COMPARTMEN T OGRS
M. REMOVE EQUIPMENT

e

|

SERVICE TIME - MINUTES

.
SERVICE TIME - MIRUTES

Figure 3-32. Otgin ‘Turnareund/Cargo Service
{Loese Beggege)

R B 132

%
.

V4-B2707-1

Figure 3-33. Enroute Baggege
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COMTAINERIZED CARGO

b

p—

SERVICE TASKS

UNLOAD BAGGAGE/CARGO
A. POSITION
8. OPEN CARGO DOORS

REMOVE CARGO CONTAINERS
C. AFT CARGO COMPARTMENT - 3 CONTAINERS
0. FORWARD CARGO COMPARTMENT- 7 CONTAINERS
E. FORM CARGO TRAN

| LOAD BAGGAGE/CARGO

. LOAD CARGQ CONTAINERS

G. AFT CARGO COMPARTMENT- ) CONTAINERS

H. FORWARD CARGO COMPARTMENT-? CONTAINE RS
|. SECURE CONTAINERS AND CLOSE DOORS

J. ASSEMBLE & REMOVE BAGGAGE/CARGO TRAIN

8270
j2.4

—

b 707

0ce
9.0

Figure 3-34. Enroute Baggoge /Coargo Service

(Containerized)

|
umlg TINE - UTES

B7007 %000 U.S. GALLO%S
167/0C—4 - 20,000 U.5. GALLONS

e

T

SERVICE TASKS
A POSTION REFUELING EQUIPHENT
8. COMNECT GROUND STATIC LIMES
C. GAIN ACCESS TO FUEL PANELS/CONNECT HOSES
D. CONRECT FUEL HOSES TO HYDRANT
E. PUNP FUEL
F. DISCOMNECT NOSES FROM AIRCRAFT
G. DISCONNECT GROUND STATIC LINES
H. COMPLETE NECESSANY AIRCRAFT FOMMS
{. REMOVE REFUELING EQUIMMENT

Figure 3-35. Origin/Turnsround Retreling
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19 DC-¢ i
82707 - THO GALLEY TRUCKS USED 7 8-7707 - UNE SERWVICE LOCATION oA
707 DC-8 - ONE GALLEY TRUCK USED i T DC-4 - TWO SERVICE  LOCATIONS u
§ .
17 1 v
SERVICE TASKS SEAVICE TASKS
- Wi »
A POSITION GALLEY SERVICE TRUCK AT FORWARD DOOR A POSTION SERVICE EQUIPWENT -~
-— B OPEN GALLEY SERVICE DOOR T s 8 AN ACCRa TO SERVICE PAREL -4 13
| C REMOVE GALLEY SERVICE EQUIPENT " | C CONMECT GATERSERVICE EQUPWENT "
) D REPLACE GALLEY SERVICE EQUIPWENT £ 0 FILL BATE . TARK a
3\ — ':‘_,—1 . —
l [ £ CLOSE GALLEY SERVICE DOOR 2 i € CLOSE FILL YALVE 4
i — -
.d . p—
F RETRACT AND LOER PLATFORM o ¥ FOISCOMNECT & STOW SERVICE EQUIPVERT g
- Hy = ) 1
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o =
13
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) WEPLACE GALLEY SERVICE EQUIPKENT 1 I ol
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U Figure 3-33. O:igin Tumoround Gel'-; Service Figure 3-39. Woter Service
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N 9K- § - T0 JEIWCY LOCATIONS

WAWCE TASKS
A POBTION SERWVICE (QUIMEENT AT FU0 PABEL

s
¢

GAR ACCER TO SEICT PAREL
CONRECT DRAM ROSE TO BATER LINT
ORAR BASTE TARK

LGS TAmn

OISCONRECT TTOR CA4m & GATER LINE

COMECT OREWCAL ROSE ARD AE™ EFTIN

DOCOMNECT ABD STOR COEMICAL MOSE

REPLACE SEPVCE CAPY CLOSE & SECURE PAREL

REPEAT PRECTIDIG STEPY AT 8D TORET PAREL

SEPEAT PRECTEOMG STEPS AT AFT TORET PANEL
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i
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Figure 3-40. Levetery Teilet Service
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Figure 3-41. Origin- Turnerewnd Intecios
Clesning end Servicing
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“ERVICE TASKS

A PO%ITIue SROUND STARTIG UMY

B CLEARSTARTING UNIT FROM AIRCRAFT

C CONNECT SECONO GROUND CART If REQUIRED

O START UNITS & CHECK FOR PROPER OPERATION

NOTIF ¢ CREW “READY TC START™

re

-

FLIGRT CREW STARTS ENGMES

GDTOMNMELT STARTIMG EQiPWENT

=

REWOVE EQUIPYERT FROM AREA

' G -

Figure 1-42. Engine Starting
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3.7.3 Maintenance

Boeing jet transports have been des
objective that any individual mainte:
be accomplished in 8 hours downti.r
objactive has been applied v the B-
allowing a flexibtle maintenar.« proj
able to the many divergent ope -atior
ments of domestic and intercontinen

The Mcintenance Plan for the B-270"
proven and tested concepts of the aix
These concepts are as follows:

e Determination of security and ¢«
aircrifi hardware is accomplish
checks, repeated at scheduled ir
intensity of visual checks varies
tlight hours,

e Operational checks of aircraft s
in normal day-to-day flight are:
at scheduled intervals.

¢ Functional checks of systems to
that they are performing within «
are conducted at scheduled inter

9  Servicing, including lubrication,
checks, replenishing of fluids, i
at scheduled intervals.

«d with the
~¢ task can

This same
7, thus

“m, adapt-

."cquire-
ariines.

. uised on
i industry.
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Figure 5-43. Line ond Base Moivrtencace

Vi-B2ToT-;

ottt e




138

o Vieusl check of structural integrity is ac-
compiished in conjunction with routine
security and condition check of hardware at
schedule” iatervals.

e Thorough nspection of structural integrity is
acczaplished at scheduled intervala. Non-
destructive inspecticn iechniques are used
where fessible, The B-2707 Structural
Inspection Program calls out specific struc-
tures for inspection and their inapection
intarvals.

¢ On-condition componant overhaul is based o
maintaining a unit in a coutinuous airworihy
condition by routine checks, inspections,
services, and tests, The B-27C7 Componsnt
Overhaul Program identifies component clas-
sified "on condition" and specifies require-
ments to maintain that status,

e Sampling techniques are used where feasible
as a meanz of determining structural integ-
rity and component condition.

The Maintainability Program, V4 32707-1, will
ensure that features are incorpc. ited in the design
of the airplane to facilitate maintenance accordiang
to these concepts. Airplane features enhanciag
maintenance are describad in Airframe Design
Report, Pari B, V2-B2707-6-2, Systerr. Reports,
V2-B2707-10 and ¥2-B2707-11, and Propuision
Reports, V2-B2707-12 and V2-B2707-13.

B-2707 line maintenance is defined as ail mainte-
nance work performed on the airplane between
overhaul base visits, This includes all schedulsd
checks controlied by airplane flight hours to main-
tain the airframe and systems in 2 continuous,
sale operating condition, and the correction of
discrepancies, based on pilot's report and

grouad inspection findings.

B-2707 bage maintenance is definzd as all main-
tenance work performed on the airplane during a
scheduled visit to a maintenance base and the
overhaul of engines and airplane accessories in
the shops. This maintenance performed on the
airplane is sometimes called 1 basic heck or
airf*rume overhaul,

Figure 3-43 shows how B-2707 line and base
maintenance activities are divided. The selection
of check time intervals and the plan ot escalation
from initial to higher time intervals are deter-
mined by the FAA Maintenance Review Board and
the airline maintenai~e and engineering organi-

zations. Phase I Document M-HI, Sec. 2.0
describes the process. The schedule intervels in
flight hours fo. the checks on Figs. 3-44, 345,
J-46, and 3-50 show the ranges where initial
starting times could be selected.

Development of the basic B-2707 maintenance
planning data, consisting of the scheduled checks,
structural inspection program, and component
overbsul program, by the Boeing maintenance
engineering organizsation 18 described in the
Product Support Program, V4-B2707-20.

3.7.3.1 Line Maintenunce

a., Scheduled Maintenance. Enroute service
and turnaround service is not included in the line
maintenance program {Par. 3.7.2).

The scheduled line maintenance program for
the B-2707 consists of three levels of checks:
daily check, intermediate check, and periodic
che2k, performed repetitively at progressively
higher airplane flight hours. The work contents
of these checks are shown in Figa., 3-44, ~-45,
and 3-46 and are designed to allow a continuous
auditing of the airframe and systems. Each check
is treated iadividusily as a work package. The
work requirements of a lower check are either
repeated or accombplished in conjunction with a
more detailed reguiremert in the next higher
check,

The ground elapsed time goals for the daily,
intermediate, and periodic checks are 1, 4 and
16 hours respectively, When the flight schedule
of an airline does not allow a 16-hour layover. a
partial progressive program zan be utilized by
dividing the periodic check work content into
smaller work packages and accomplishing thein
with the intermediate checks, Figure 3-47 is an
illustration of this work division.

The major work zones of the B-2707 ave
shown on Fig. 3-48, Between the engines on the
left and the right horizoutal stabilizer, there is
an area of possible work congestion. However,
this can be avoided by atteation to work
scheduling,

Figure 3-49 shows a B-2707 opened up for a
periodic check. Convenient access to the work
zones is ensured by the following:

@ Plug-type doors are provided in all equip-
ment compartments in the fuselage.

V2-B2707-1




o 0 CC

G-

STANDARD PROGRAM {BLOCK MAINTENANCE CONCEPT)

ﬂ GROUND ELAPSED TIME GAOL: 1 HOUR
SCHEDULE INTERVAL: DAILY ~ 50 FLIGHT HOURS
u SCHEDULED WORK ~ MAOR TASKS
1. WALK — AROUND CHECK i
ENGINE INLET AND EXHAST
LANDING GEAR AND WHEEL WELLS (1)

CONTROL SURFACES
FUEL LEAKS

{...

2. EQUIPMENT CHECK Z
® SEATS
@ EMERGENCY EQUIPMENT

i

[ X N N J

3. SERVICING

ENGINE QIL (D)
HYDRAULIC FLUID (3)
OXYGEN (4)

ADS OIL (5)

UNSCHEDULED WORK

1. PILOTS REPORTS
2. INSPECTOR WRITE-UPS

b R e

l “a
U -7 (4) () N — P
ACCESS OPEN
Figure 3-44. Line Maintenance - Daily Check
V4-B2707-1 |
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STANDARD PROGRAM (BLOCK MAINTENANCE CONCEPT)

GROUND ELAPSED TIME GOAL: & HOURS
' ]
Ll 2Ly dy SCHEDULE INTERVAL: 75-300 FLIGHT HOURS
SCHEDULED WORK ~ MAJOR TASKS

L. PRE-SERVICE OPEN UP 4. OPERATIONAL CHECKS
FUSELAGE, EMPENNAGE, WINGS 5. EQUIPMENT CHECK
~ ENGINES (1) EMERGENCY EQUIPMENT
@ RAM AIR INLETS
© LANDING GEAR AND WHEEL WELLSi2) O SERVICING
® WING PIVOT (3 ® ENCINE 02 (i)
@ CONTROL SURFACES $ HYDRAULIC FLUID ()
© WOVABLE FOREBODY @ B00ST COMPRESSOR OIL (5)

3. VISUAL INTERIOR CHECK ® AIRCYCLE MACHINE OIL (5)
o LAVATORIES o OXYGEN(7)
o K aIN 7. POST SERVICE CLOSE-UP
o GALLEYS

UNSCHEDULED WORK
® CARGO COMPARTMENTS D N
2. INSPECTOR WRITE-UPS
i ACCESS OPEN

Figure 3-45. Line Maintenance ~ Intermediate Chuck
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STANDARD PROGRAM (BLOCK MAINTENANCE CONCEPT)

e GROUND ELAPSED TiME GOAL: 16 HOURS
PERIQDIC CHECK | SCHEDULE INTERVAL: 300 - 1,200 FLIGHT HOURS

SCHEDULED WORK - MAJOR TASKS

o B —— N - N R o R B

c=

()

I PRESERVICE OPEN UP
2. AREA INSPECTIONS
®  INTERIOR COMPARTMENTS - FLIGHT DECK, PASSENGER CABIN, LAVATORIES,
GALLEYS, CARGO COMPARTMENTS
®  AIRCRAFT EQUIPMENT COMPARTMENTS _ FORE AND AFT ELECTRONICS BAY,
AR CONDITIONING DISTRIBYTION ANO ELECTRICAL EQUIPMENT BAY, CONTROL
SYSTEM BAY, HYDRAULIC EQUIPMENT BAY, ADS BAY, MOVABLE FOREBODY
CONTROLS BAY
®  WING AREAS - WING PIVOT, LEADING EDGE, TRAILING EDGE
®  EMPENNAGE AREAS - AIR CONDITIONING PACK BAY, ADS BAY, ELEVATOR AND
ELEVON CONTROLS BAY, RUDDER CONTROLS BAY
®  WHEEL WELL AREAS — NOSE GEAR ASSEMBLY, MAIN GEAR ASSEMBLIES |
NOSE WHEEL WELL. MAIN WHEEL WELLS
®  PROPULSION PODS - INLET ENGINE EXHAUST
3. VISUAL EXTERIOR CHECK
®  FUSELAGE ~ EXYERIGR SURFACE, WINDSHIELD AND WINDONS. DOCRS, RADOME.
TAIL CONE
®  WINGS - UPPER AND LOWER SURFACES, WING TIPS CONTROL SURFACES
®  STABILIZERS - HORIZONTAL STABILIZER UPPER AND LOWER SURFACES,
VESTICAL STABILIZER SURFACES, CONTROL SURFACES
1. OPERATIONAL CHECKS
®  COMMUNICATION AND NAVIGATION SYSTEMS
®  STANDBY AND ALTERNATE SYSTEMS
5. EQUIPMENT CHECK
6. SERVICING
®  LUBRICATICH - LANDING GEAR ASSEMBLIES. CONTROL SURFACES
® FILTERS - HYDRAULIC FUEL
®  CHECK AND REPLENISH - AIR. LIQUIDS
7. SYSTEM COMPONENT CHANNES AT A PERICDIC CHECK
5. POSTSERVICE CLOSE UP
UNSCHEDULED WURK

PILOT'S REPGKTS
INSPECTOR WRITE UPS

Figure 3-46. Lire Maintenance Periodic Check
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GROUND ELAPSED TINE GOAL:
SCHEDULE INTERVAL :

/(ART OF PER!ODOC/CNECKZ

GROUND ELAPSED TIME GOAL:
SCHEDULE INTERVAL:

ALTERNATE PROGRAM (PARTIAL PROGRESSIVE MAINTENANCE CONCEPT)

1 HOUR

DAILY ~ 50 FLIGHT HOURS

8 HOURS
75~300 FLIGHT HOURS

SAMPLE: INTERMEDIATE CHECK PLUS 1/4 PERIODIC CHECK

B vorx aRea eack pras

Figure 3-47. Line Maintenance — Alternate Progrom

tasks are to open up the airplane for a detailed

structural inspection and. if required, repair.

R+ {urbishing of the interior, detail ingpection and
functional check of systems, and component re-
placements are performed at the same time for

convenience,

Inspection is conducted to verify structural in-
tegrity. The company has gained considerahie

experience in structural inspection techniques
from the 707,/720/727 programs.

These tech-

niques will be updated to coincide with develop-

ments in airline maintenance practices for the
737 and 747 programs.

The same techniques can be applied to the B-2707
to reduce manhours, elapsed time, and mainte-
nance cost, as shown below:

Y4-B2707-1

Sampling on different airplanes - Shoerten
airplane downtime by reducing number of
inspections on each airplane.

Nondestructive methods - Reduce manhours
and elapsed time of inspections with tech-
niques such as X-ray and eddy current.

Rapid inspection interval escalation - Reduce
manhours per flight hour, and thus total
malintenance cost.

|
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ENGINE COWLING OPEN

WINC FLAPS DOWN - WING TRAILING
EJGE LOWER PANEL DROPPED

WHELL WELL DOORS OPEN

SELECTED ACCESS PANELS OPEN

Figure 345 B8_3207 In Periodic Theck
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Quick-opening panels with latches are avail-
able at each accessory drive gear box com-

partment and the air-conditioning equipment
bays.

¢ Landing gear wheel well doors are opened
by operating a control handle at each wheel
well.

o Two cowl panels with quick-opening latches
are installed on each engine. Each panel s
Linged and provided with a hold-open device.

o The bypass doors on the engine inlet are
large enough for a mechanic to check the
compressor blades for foreign object damage.

¢ With the wing flaps and slats down, all
equipment installed on the front and rear
spars is exposed.

o Hinged access panels with quick-opening
latches are provided for servicing engine
oil and lavatories. These panels provide
sufficient acceas for a mechanic to work
through with gloved hands.

e An access panel on the underside of each
wing allows a quick check of the wing pivot
cavity.

® Access panels are provided for all control
surfaces.

The scheduled work reaquirements of the
B-2707 are similar to current and planned sub-
sonic jets. Accessibility and dispersed work
zones have been incorporated into the design to
enable the airlines to meet operational schedule
commitments. Examination of the work content
detsils will show that maintenance crews can
adapt, with a minimum of training, to the re-
quirements of the B-2707.

Ground support equipment for iine mainte-
nance 's identified in GSE Requirements Speci-
fication, D6A10180-1. Training of maintenance
personnel is discussed in the Training and
Training Equipment Program, V4-B2707-7.

b. Unscheduled Maintenance. Accomplish-
ment of unscheduled maintenance often causes
airplane delay or out-of-service. In recognition
of this situation, the B-2707 is designed with
special features to facilitate:

o Rapid troubleshooting of systems
o Rapid replacement of components

e Conventional repair of minor structural
damage

(1) Troubleshooting. The overall concept
to improve the troubleshooting capability of the
B-2707 systems is to provide adequate on-board
facilities or instrumentation. The priority of
troubleshooting methods is:

Use airplane inatrumentation
Use airplane self-test features

Use aircrat: integrated data system (AIDS-
optional equipment)

e Use ground test connections and ground sup-
port equipment

The basic airplane instrumentation has been
expanded to include annunciator panels, which
provide system trouble identification capability
under dynamic flight conditions. This intelligence
transmitted to the maintenance crew through
pilots' reports, shortens the trouble analysis and
rectification cycle.

Electrical /electronic equipment and systems
incorporate maintenance self-test, permitting
fault isolation to the component level. The self-
test systems used are both the continuous moni-
toring type and mechanic-initiated type., The
interface box concept of wiring installation pro-
vider a centralized termination of wires for
troubleshooting of each individual system. In
addition to flight deck instrumentation, the fluid
and pneumatic systems incorporate test ports on
components and in the systems to facilitate
troubleshooting and condition determination.
Those systems where transient conditions exist
or the flight conditions cannot be duplicated on the
ground are being considered for application of
AIDS to provide readout on the ground as a supple-
ment to basic treubleshooting provisions.

With the described provisions, flight line *est
ground support equipment (GSE) has been mini-
mized. GSE is required for the following:

o To detect {aults within the wiring and con-
nectors between system components which
cannot be detected by the sel!-test features

o To excite unita which require excitation from
sources external to the airplane

® To test airplane equipment for which self-
test is not provided

V2-B2707-1
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(2) Component Replacement. During routine
operation, structural and system :omponents
require replacement due to fallure, malfunction,
or damage. The capablility to make replacements
and then verify proper operation, all within the
downtime cf routine services and scheduled
checks, is a design objective of the B-2707.

Some examples of rapid replacement features
being considered to meet this objective are given
below:

e Major structural components, such as wing
pivot bearing, control surfaces, landing gear
assembly, and movable forebody, can be
replaced within the 8-hour downtime limit.

e Any system component can be replaced with-
out disturbing another installation.

e Dispatch-oritical components can be replaced
within the downt me of enroute or turnaround
services.

OB | o e

e Quick-attach mountings are provided for
components on the accessory drive gear box.

c—

Althcugh the B-2707 requires basically the
same type of handling GSE as current jet trans-
ports, special techniques witl be necessary to
handle many components due to their increased
sizes and weights, and heights above the ground.

=

A "bootstrap' method is used for engine
change. Beams and slings are attached to hard
points in the under surface of the horizontal sta-
bilizer, permitting raising and lowering of the

D entire propulsion pod (engine with inlet and ex-
j haust) or the engine section, inlet and thrust
reverser-nozzle individually.

B Jacking of the airplane for operations such as
landing~gear cycling or gear change requires
three hydraulic tripod jacks of conventional de-~
sign. Commercially available axle jacks are used
for wheel and tire change. Landing gear handling
dollies, and wheel change dolly are designed for
convenient and rapid accomplishment of the re-

U p.acement operation.
Conventional wire rope and beam-type slings

removable body sections, and other components

where size and weight preclude "man-handling."

Where heavy components require removal and in-
{ stallation from beneath, an adjustable stand with
L‘ adjustable features is provided.

are used for overhead handling of control surfaces,

(3) Minor Structural Repair. Minor struc-
tural repairs on the B-2707 will be simf{lar to
those made on current subsonic jets, even though
the hasic material has been changed from alum-
inum to titanfum.

When a skin panel or a stringer is damaged,
additional material can be spliced into the original
material to enable the structure to carry the de-
sign loads. Minor repairs to titanium/fibergiass
honeycomb will be similar (o huneycomb repair on
subsonic jets. Typical minor repairs are de-
scribed in Airframe Design Report, Part B,
V2-B2707-6-2.

Some transitional trzining of maintenance
personnei in the techniques of troubleshooting,
component replazement, and minor structural re-
pair will be necessary (Ref. Training and Training
Equipment Program, V4-B2707-7). This is sim-
ilar to the current airiine practice when new
equipment is added to the fleet.

3.7.3.2 Base Maintenance

The work content of a basic check or airframe
overhaul is {llustrated in Fig, 3-50. The pri-
mary tasks are to open up the airplane for a
detailed structural inspection and, if required,
repair. Refurbishing of the intericr, detail
inspection and functional check of systems, and
component replacements are performed at the
same time for convenience.

Inspection is conducted to verify structural integ-
rity. The Company has gained consijerable
experience in structural ingpcction technicues
from the 707/720/727 programs. Thes: techniques
will be updated to coincide with developments in
airline maintenance practices for the 737 and 747
programs,

The same techniques can be applied to the B-2707
to reduce manhours, elapsed time, and maintenance
cost, as shown below:

o Sampling on different airplanes - Shorten air-
plane downtime by reducing number of inspec-
tions on each airplane.

o Nondestructive methods - Reduce manhours and
elapsed lime of inspections with techniques such
as X-rav, eddy current.

o Rapid inspection intervai escalation - Reduce
manhours per {light hour, and thus total main-

V4-BIT07-1




STANDARD PROGRAM (BLOCK MAINTENANCE CONCEPT)

“ GROUND ELAPSED TINE GOAL: 120 HOURS
SCHEDULE INTERVAL: 3,00 - 8,400 FLIGHT HOURS

SCHEDULED WORK - MAJOR TASKS

1. PRESERVICE OPEN LI
STRUCTURAL INSPECTIONS (STRUCTURAL INSPECTION PROGRAM)
®  FLIGHT CONTROLS - SPOILERS; LEADING EDGE SLATS AND TRAILING EDGE FLAPS
TRACKS, CARRIAGES, AND SUPPORTS; AILERONS; ELEVATORS AUXILIARY
ELEVATORS AND ELEVONS, RUDDER
®  LANDING GEARS - NOSE GEAR AND MAIN GEAF - STRUT, AXLE, TRUNNION,
TRUCK, TORSION LINKS, LOCKS
®  DOORS - PASSENGER, CARGO, GALLEY, SERVICE
®  FUSELAGE - SKIN PANELS, PRODUCTION JOIKTS, PRESSURE BULKHEADS, BODY
FRAMES, SKIN AND FRAME ARQUND DOORS, EX'TS, AND WINDOWS, ATTACHING
FITTINGS TO NOSE GEAR, WING AND STABILIZERS, FLOOR BEAMS, VENTRAL FIN,
MOVABLE FOREBODY
NACELLES - ENGINE MOUNT FITTINGS
STABILIZERS - SPARS, INTERNAL STRUCTURE, ATTACH FITTINGS, SKIN PANELS
WINGS ~ CENTER SECTION AND QUTBOARD WINGS - WiNG PIVOT, SKIN PANELS.
FRONT AND REAR SPARS, INTERNAL STRUCTURE, ATTACHING FITTINGS TC MAIN
GEARS, CUTGUTS
3. AREA INSPECTIONS AND REFURBISHING

®  FLIGHY DECK

@  PASSENGER CABIN

@  CARGO COMPARTMENTS

®  GALLEYS

®  TOILETS
4. SYSTEM COMPONENT CHANGES COMPONENT OVERHAUL PROGRAMY
5. DETAIL :NSPECTION - ALL SYSTENS
§ FUNCTIONAL CHECK - ALL SYSTEMS
7. EQUIPMENT CHECK
8. SERVICING

®  {UBRICATION

e  FILTERS

® AR FLUIDS

3. POST SERVICE CLOSE uP

UNSCHEDULED WGRK
INSPECTOR WRITE-UPS

WCOIFICATIONS
ALTERNATE PROGRAM ' PROGRESS!VE MAINTENANCE CORCEXYT:

DIVIDE BASIC CHECK FORK CONTENTS INTO SMALL PACFAGES AND STHEDULE WiTH
LINE WAINTENANCE PROGRAM

Figure 3-50. Besc dointenence - Besic Check
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tenance cost.

Excellent access has been provided to the inte:ior
of closed structural compartments, such as fuse-
lage fuel tanks, wing center section, and outboard
wing. The requirement for crawling inside the
compartment has been reduced to a minimum,
Engineering, quality control, and manufacturing
departmeunts are conducting nany tests to develop
titanium and sandwich panel inspection and repair
methods, which can be used by airiines in the
field. Airframe Design Report, Part B, v2-
B2707-6-2 describes access provisions to struc-
tural compartments, structural inspection
methods, ard typical repair methods for the
various sections of the B-2707.

The basic concept of the B-2707 component over-
haul program is to provide adequate capability
for conditica determination. This resuited from
a review of ihe many programs established by the
airlines for current jets under FAA advisory
Circular 120-17 and Boeing's conclusion that the
same technique can be applied to all systems of
the B--2707. Thus, adeqguate test points are in-
corporated in the basic system and component
designs to allow testing, and condition determi-
nation o components without removal from the
airplane. Most components will be in an "on
condition" status and s;stems or individual com-
ponents will be functionally tested at the basic
check. The advantages of this are:

e Maximum use of component life to reduce
component overhaul cost

e Flimination of unnecressary disturbance to in-
stallations to reduce delavs and discrepancies

@ Prevention of infant mortalities after over-
haul to reduce unscheduled removals

The provisions on the B-2707 for "on condition"
component replacement are described in Svstems
Reports, V2-B2707-10 and V2-B2707-11, and
Progulsion Reports, V2-B2707-12 and
V2-B2707-13.

Interior linings of commercial jets arc installed
in ilividual panels. rather than in continuous
sheets ax is done in propelier-driven airplanes,

The need w refurbish the entire passenger cabin

in one operation during the downtime of a basic
check has disappeared. Refurbishing can now be
performed in sections and accomplished during

the I{ine maintenance program. The use of new
materials on the B-2707 that do not sofl or damage
eastly {8 exnecrted to increase the intervals beiween

refurbishings.

Current airlize practice will be applied for over-
haul of airborne xccessories. Although sizes and
weights are gra'cr than existing equipment, the
principles of design, construction, and operation
follow conventic1l trends. Wear and rework
tolerances, assembly and disassembly procc-
dures, and test procedures will be supplied by the
equipment manufacturers in detail. Complete and
up-to-date overhaul data are assured by enforce-
ment of the product support agreement described
in the Product Support Program, V4-B2707-20.

Emphasis has been placed on the use of the
modules within an assembly. Subassemolies
(modules) may be overhauled at diffierent inter-
vals and checked out without checking out the
complete assembly. Further, prior to final as-
sembly of a complete unit, subassemblies will be
tested to reduce time in the final assembiy phase.
This method provides substantial improvement in
reliability and economy.

Engine overhaul is discussed in the engine manu-
facturer's proposal. It is expected that super-
sonic engines will easily be integrated into sub-
sonic engine overhaul shops.

Test GSE is required to complete engine and ac-
cessaries overhaul. Definition of these require-
ments will be made during prototype development.
Some of the major items defined at this time are
an engine test stand, an #rgine inlet test unit, a
nydraulic test bench and an inertial navigation
system test set. These are described in GSE
requirements Specification, D6A10180¢-1.

Gverhaul of the air{rame, engine, and airborne
accescories does not require extraordinary

skills an! training. Maintenance personnel
handling overhauis today are capable of increasing
their proficiency to the required level.

Vi-B2TaT-1
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3,7.4 Spares

The spares program, outlined in the Product
Support Program, V4-B2707-20, is designed to
satisfy the unique operational support require-
meats of each individual customer airline. The
Spare Parts Requirements Forecasting Computer
Frogram {vnduot Support Program, V4-B2707-
20) is responsive to airline operational peculiari-
tiss and will consider route structure, flying-
bour program, line-station requirements, mini-

mum downtime, dispatch reliability, and overhaul
schedules in developing spare parts recommen-
dations. The spare part inventories at both
Boeing and vendor facilities, will provide the
necessary parts to rapidly compensate for airline
changes in route structure or utilization. Boeing
personnel will be available at all times to coordi-
nate unforeseen probiems or emergencies, such
as an AOG.

V4-B2707-1
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4,0 AIRPORT SUITABILITY REPORT

The development of an American supersonic trans-
port is an announced national goal, towards which
progress is being accomplished on schedule. The
SST that will be offered to the airlines of the world
will be safe, economical, capable of a cruising
speed at least three times greater than today's
aircraft, and compatible with the airports it will
serve and with the neighboring communities,

One of the requirements of the FAA contracts has
been the submission of reports ou the operational
compatibkility of the proposed design with the fol-
lowing U.S. international airports:

ANCHORAGE INTERNATIONAL (ANC)
FRIENDSHIP INTERNATIONAL (BAL)
LOGAN INTERNATIONAL (BOS)
O'HARE INTERNATIONAL (ORD)

DETROIT METROPOLITAN WAYNE COUNTY
(DTW)

HONOLULU INTERNATIONAL {HNL)
HOUSTON INTERCONTINENTAL (HOU)

LOS ANGELES INTERNATIONAL (LAX)
MIAMI INTERNATIONAL (MIA)

JOHN F. KENNEDY INTERNATIONAL (JFK)
PHILADELPHIA INTERNATIONAL (PHL)
PORTLAND INTERNATIONAL (PCX)

SAN FRANCISCO INTERNATIONAL (SFO)
SEATTLE-TACOMA INTERNATIONAL (SEA)
DULLES INTERNATIONAL (DIA)

As part of the work accomplished during Phase
II-A of the supersonic transport program (Con-
tractNo. FA-SS-64-4), The Boeing Company, in
1964, investigated the compatibility of the then
current design with the 1§ aliports listed pre-
viously, An individual report on this analysis was
released on Qctober 22, 1964; a summary report
(Vol. XVI1-A) was delivered to the FAA on
November 1, 1964, as part of the Comprehensive
Report on Phase I1-A.

During the week of October 4, 1965, it was agreed
among representatives of the Airport Operators'
Council, the Supersonic Transport Development
Office of the Federal Aviation Agency, and the
two competing airframe contractors that each
contractor should, as part of his SST development
contract, evaluate specific airport compatibility
characteristics of its own SST design and estimate
the costs of those modifications to airport facilities
that would be required to produce compatibility.
Due recognition would be given to certain airport
improvements that will be required for interim
subsor.ic aircraft,

To perform the major share of the required air-
port compatibility evaluations and cost estimations
during Phase II-C, the company twice retained the
firm of Howard, Needles, Tammen, and
Bergendoff, Consulting Engineers. The first
engagement occupied the period October 19 - De-
cember 22, 1965, and resulted in the Phase II-C
preliminary report, which was coordinated with
the airport operators, and submitted to the FAA
on January 1, 1966. The second engagement
occupied the period June 7 - August 22, 1966, and
resulted in the Phase II-C Final Report. This
report was transmitted to the operators and sub-
mitted to the FAA, concurrently with the Phase 11!
proposal, on September 6, 1966,

This section of V4-B2707-1 provides a summary of
the results of B-2707 airport suitability evaluations
performed during the Phase 1I-C supersonic trans-
port program, The study was based on the B-2707
configuration data and requirements and airport
data coilected from individual airport operators
through correspondence, interviews, and com-
ments on preliminary evaluation reports. The
airport suitabiiity plan for Phase II! is shown in
Par, 5.5 of this document.

4,1 SUMMARY

The development of an American supersonic trans-
port suitable for operations at the world's major
international airports has been a major design
objective. A continuing Airport Suitability Eval-
uation Program has been conducted to assure
mecting this objective. Th= Suitability Program
has consisted of detailed investigations conducted

V4-B2707-1
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on 15 representative U, S, international airports.
These investigations encompassed the major
aspects influencing compatibility between the air-
plane and the airports. Included in these investi-
gations were the following specific areas:

Pavement requirements
Ground maneuvering
Holding areas and aprons
Underpavement structures
Overpasses and bridges

Passenger handling facilities
Fueling facilities

Engine blast protection
Runway lengths

Fire and rescue equipment
Cost estimates

The 675,000 1b B-2707 was found to have pave-
ment thickness requirements very little ditferent
from existing subsonic jet transports weighing
approximately half the weight of the B-2707. This
is primarily due to the fact that each of the
B-2707's main landing gears applies essentially
the same ioad to the pavement as each of the gears
of the large conventional subsonic jet transports.

Within limits anticipated for routine operations,
the B-2707 can be maneuvered smoothly around
any runway-runway intersection and any runway-
taxiway intersection paved with fillets of the radii
recommended by the FAA, At certain taxiway-
taxiway intersections, however, the fillet radii
are inadequate., Of the total of 1,472 fillets and
curved taxiways investigated, 323 required
enlargement for normal maneuvering. These
findings were based on a practical clearance
between the centerline of the outside truck and the
pavement euge while rolling the nose wheel in a
direct, smooth path from pavement centerline to
pavement centerline,

Holding aprons at the ends of runways are of less
Importance t~ jet-powered airplanes than to piston-
engine airplanes which require engine runup,
Holding aprons serve as an area in which airplanes
lacking Jeparture clearance or requiring last-
minute functional checking can wait while those
behind can pass. Instances of one SST having to
pass another on a holding apron will probably be

rare; however, passing of contemporary subsonic
jets presents as great a clearance problem. To
accomplish this maneuver, a few holding aprons
among those investigated require some increment
of widening. This vequirement was not a signi~
ficant contributor to the overall cost anticipated
for facilities improvement at the airport,

The dimensions of the B-2707 imposed a similar
problam at the terminal aprons for certain air-
ports. At those airports where the length and
span influence the ability of other airplanes to.
pass, enlargement of terminal aprons will be
required.

At every airport investigated, pavements sub-
jected t airplane loading were found to be under-
laid by structures such as pipes, culverts, and
utility conduits. The worst case determined
indicated the B-2707 would impose approximately
8 percent greater stress on some structures than
current subsonic transports. These substructures
show no evidence of distress from loads imposed
by current subsonic airplanes. Removal or
replacement of undamaged structures for an antic-
ipated increase in loading of only 8 percent would
serve little purpose. As a result, the B-2707 is
considered compatible with th:se items.

At 5 of the 15 airports investigated, there are, or
soon will be, overpass structures or vehicular
subways carrying airplane live loads. Serious
overstressing would be occasioned by the B-2707
on some existing structures; however, equally
serious overstressing would occur if these struc-
tures were subjected to loading by some current
and forthcoming subsonic transperts. It is antic-
ipated that these structures will have been
improved prior to introduction of the B-2707 into
service. For this reason, the B-2707 is con-
sidered compatible.,

The principal impact of the B-2707 cn the terminal
gate facilities involve alteratis:i: to passenger
loaders. The forward deor oi the B-2707 is com~
patible with the existing telescoping swing-type
loaders. The !ucation of the other passenger
loading doors wili require modifications to second-
siory passenger loaders, The study shows that

a minimum cf 159 loading positions will accom-
modate the B-2707 at the 14 airports using at-
terminal passerger loading practices,

At those airports where underground fue! distribu-
tion systems are not inatalled or planned, it will be
practical to refue] the B-2707 from large tank
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trucks. Most existing underground syetenis have
combined fueling rate capacities at the planned
gate loading positions in excess of the B~-2767
requirements, The only anticipated improveiwrent
would be changing the 2-1/2 in. hydrants and
laterals to 4 in, and locating them for accessi-
bility to the supersonic transport,

Engine exhaust velocities for the B-2707 are
higher than for present subsonic jets. However,
the greater height of the B-2707 engines as com-
pared to those of current underwing engines tend
to offget the effects of higher velocities as related
to personnel and vehicles on the ground. As a
result, the B-2707 is considered suitable for
ground operations without airport modifications.

The B-2707 provides a combination of high thrust
engines and the variable-sweep wings which
result in runway length requirements compatible
with those of conventional subsonic jet transports.

The advent of subsonic jets with passenger carry-
ing capacity comparable to the B-2707 is not
expected to necessitate the development of new
types of rescue equipment., Valuable extra min-
utes of protection for the occupants of the B-2707
may be gained from the temperature resis:ant
titanium fuselage. Fire and rescue equipmeit
beyond that in service when the B-2707 is intro-
duced into service is not anticipated.

At the 15 airports studies, the total cost of modi-
fications is $5,528,000, This figure does not
include costs of improvements and airport expan-
sions which will have been occasioned by intro-
duction of the stretched version and large capacity
subsonic transports into service prior to the
B-2707. Where the situation warrants, both a best
and high estimate have been included., These
costs do not include the cost of modifying fuel
systems or passenger loaders., Modifyirg fuel
systems and passenger loaders {s dependent upon
the number of gate positions actually utilized by
the B-2707. Average costs per gate position at

a given airport for modification of passenger
loaders varied from $40,000 to a high of
$150,000. Similarly, the average cost for fuel
systems varied from $7, 000 to $22, 400 per gate
position. The airport modification cost summary
for the 15 study airports is shown un Table -A,

The present d-sign of the B-2707 has essentially
met airport suitability objectives. The overall

compatibility of the B-2707 with current and
planned airports is excellent. Reccgnition of
continuing improvements and expansion programs
at the world's airports to keep pace with air
traffic growth should provide an airport network
into which the B-2707 can be introduced without
significant need for major investments.

4.2 ASSUMPTIONS AND CRITERIA FOR
EVALUATIONS

4.2.1 Itemis Evaluated
The suitability characteristics which have been
evaluated include the following specific items:

e Pavement strength or thickness

e Pavement geometry -- fillet radii, holding
aprons, terminal aprons, terminal area
inlays

¢ Evaluation of structures -- overpasses and
bridges, underground pipe and conduits

® Terminal area considerations -- maneuvering
and docking, passenger handling, fueling

e Blast effects -- ground operations, runway
erosion

¢ Runway length

e Fire and rescue equipment

4,2,2 Characteristics of the B-2707

The B-2707 employs the principle of variable-
wing geometry. During takeoffs, landings, and
normal ground operations, the B-2707 operates
with its wings in the full-forward position. In
this position, the leading edge of the wings have

a sweep of 39 degrees from a line perpendicular
to the centerline of the fuselage. For supersonic
cruise, the wings are swepi to a position of 72 de-
grees so that their trailing edges fair into the
leading edges of the horizontal tail surfaces. The
principal dimensions and clearances of the
B-2707 are as given in Fig, 4-1.

The B-2707 has been designed so that its nose can
be articulated downward for purposes of optimiz-
ing the pilot's visicn during subsonic operation,
including takeoff, approach, landing and

taxiing.

The main landing gear comprises two pairs of dual-

tandem tructs, The aft pair of trucks is spaced
inboard of the forward pair, and are coupled to
steer with the nose gear.

V4-B2707-1
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Teble 4~A. Airport Modification Cost Summary l
Cost of Other
Aversge Per Gate Costs Modifications l
Apron Fuel System Passenger
Inlays Modifications Loader Airport Best High '
- 20,000 - Anchorage 88,000 -
18,000 - - Friendship 18,000 - l
- - - Logan 127,000 -
- 12,000 50,000 O'Hare 88,000 - .
- 8,000 50, 000 Detroit 127,000 - l
- 17,000 - Honolulu 324,000 -
- 7,000 - Houston 246, 000 - l
- 20,000 80, 000 Los Angeles 1,336,000 1,486,000
- 7,000 100, 000 Miami 100, 000 -
- 20,000 67,000 John F. Kernedy 2,490,000 4,190,000
- - - Philadelphia 166, 000 -
- - 40,000 Portlaad - 24,000 -
30, 000 22,000 68, 000 San Francisco 120, 000 660,000
- 11,000 150, 000 Seattle-Tacoma 43, 000 -
- 16.000 - Dulles 230,000 -
Totals 5,528,000 7.918,000

4.2.2.1 Gross Airplane Weights

The maximum groes ramp wezight of the B-2707 is
675,000 Ib. The maximum gross takeoff weight
is 672,000 Ib. For purposes of the studies
reported in this document, 97 percent of the air-
plane weight is assumed to be distributed equally
to the four trucks of the main landing gear.

4.2.2.2 Main Landing Gear
Pertinent data on main landing gear assemblies of
the DC-8-55 and B-2707 are in Figs. 4-1and 4-2.

4.2.2,3 Fueling

Fueling is accomplished through {our ports located
in the underside of the wings, about 178,5 ft aft

of the nose and about 21 {t outboard of the fuselage
centeriine. The ports are about 12 ft above the
ground. Delivery rate is to be 2,000 gpm, at a

maximum pressure of 50 psi.

used by subsonic jets.

V4-B2707-1
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Figure 4—-1. B-2707 Principal Dimensions

4.2.2.4 Ground Maneuvering

Figure 4-3 is a composite of ground maneuver
landing gear tracks at typical runway-taxiway and
taxiway-taxiway intersections. Figure 4-4 is a
tabulation of tirning radii for various nose gear
stearing angles,

4.2.3 Evaluation Criteria and General Results

4.2.3.1 Pavement Thickness

The B-2707 pavement requirenients analy:is for
the 15 designated airports is of sufficient scope
and importance thatithas beentreated as a special
item. The detail analysis which forms the basis
of this report is included in Airport Pavement
Requirements for the Boeing Supersonic Transport,

Model 2707, D6A10317-1 (Ref. 14). Included is
a full discussion of the assumptions and analytical
methods employed, as well as a tabulation of the
calculated induced stresses or pavement thick-
nesses required for all known pavement and sub-
grade combinations 1t each study airport. The
three pavement design charts shown on Fig. 4-5
show the relative requirements for the DC-8-55
and B-2707, The subgrade characteristics
included in this report have becn obtained from
the regpective airports. Discussions held with
the engineers at most of the study airports have
yielded additional information on the behavior of
subgrades supporting airfield pavements. The
most recent investigation included visual obser-
vations of pavement conditions at a number of the
study airports by members of Howard, Needles,
Tammen, and Bergendoff.
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Figure 4-2 shows the configurations of the four-
wheel, main-gear trucks of the DC-8 and the
B-2707. Also shown are such pertinent data as
tire sizes, inflation pressures, and assumed tire
contact area.

It has been agreed among the Airport Operators’
Council, the Supersonic Transport Development
Office of the FAA, and the two airframe contrac-
tors engaged in the supersonic transport program
that the DC-8-55, having a maximum gross ramp
weight of 328,000 1b is an acceptable comparison
vehicle for pavement compatibility evaluations,
While this criterion has been strictly observud in
the present study, recognition has also been given
to the fact that at almost every airport there are
pavements rarely or infrequently used by air-
planes operating at maximum ramp or takeoff
weights, ligh-speed exit taxiways, taxiways
leading to maintenance and overhaul areas, and
the aprons located there are examples, Since

the maximum landing weight of the B-2707 is

only 60 percent of its maximum ramp weight, an
effort has been made to identify all such pavements
at each of the airports studied. They have been
shown on certain airport photographs with the
legend: ''Little or no use by fully loaded SST
anticipated."

At those airports which use the FAA method of
flexible pavement analysis, the DC-8-55 requires

20.0" —o
i
DC-8-5§
PC-8-55
Meximum gress weoight 312,000 Ib
Tire tise 4inby 16in
Tire inflation pressure 187 psi
Per cont MGYW on nese geor 5.0

a greater pavement thickness for all values of
subgrade strength classification. As a result, no
new overlays on flexible pavements have been
assessed against the B-2707 where FAA procedure
is the exclusive method employed by the airport
operator.

At airports which provide subgrade classifications
for the Corps of Engineers’' method, with or with-
out other means of flexible pavement analysis,
rationalization and engineering judgment was nec-
essary to establish the overlay requirement
attributable to the R-2707. The rationale used in
each case {8 included in the text of the specific

airpert.

At most locations where rigid pavement is used,
the combinations of pavement thicknesses and sub-
grade strength result in lower flexural stresses
for the B-2707 than the DC-8-55. In the few in-
stances where the reverse is true, the pavements
are overstressed by both airplanes and only very
slightly more for the B-2707. Owing to the dif-
ferences in their flotation characteristics, how-
ever, the gear of the DC-8-55 generally requires
a slightly thicker flexible or bituminous corrective
overiay. Consequently, no costs for overlays on
rigid pavement have been assessed against the
B-29u..
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Figure 4-3. Minimum Fillet Requirements
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Steering Angle RI 2 R3 R4 RS

(Degrees ) (Fest) | (Feet) |(Feet) |(Feet) | (Feet)
45 103 128 163 194 227
50 84 109 L] 84 218
5% 68 93 141 171 213
60 54 79 133 157 208
65 41 €6 127 145 205
70 29 54 123 134 202
76 Maximum 16 41 H9 121 199
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4.2.3.2 Pavement Geometry

Figure 4-1 shows features and dimensions of the
B-2707 that are pertinent to the present investiga-
tion. The size of the airplane and its turning
characteristics will require that certain modifica-
tions be made to some existing taxiway fillets and
end-of-runway bolding aprons,

Fillets at pavement intersections were evaluated
by model studies performed with the gear assem-
bly configuration of the B-2707 reduced to a scale
of 1 in, equals 10 ft. Rolling turns wers used to
obtain the best possible approximation of actual
operating conditions.

Studies made in this manner indicate that the cri-
tical requirement for the smooth negotiation of
intersection turns is st -ting them a! the right
poini. In recognitiun « this finding, the criteria
adopted for normal operations of the B-2707 pro-
vide adequate margins for misjudgment by the
pilot of the optimum turning point. These margins
are achievea by using a 50-degree nose-wheel
steering angle, rather than the maximum 76 dvg-
rees possible, and by limiting to 20 ft the mini-
mum clearance from centerlire of outside truck
to edge of full-strength pavement. In addition,
the maneuvers studied for normal operations
were made by rolling the nose wheel in a direct,
smooth path from the centerline of one pavement
to the centerline of the other without weaving
saway {rom the centerline prior to actually start-
ing the turn,

Within the limits adopted for routine operations,
it way found that the B-2707 can be maneuvered
smoothly around any runway-runway intersection
and any runway-taxiway intersection paved with
fillets of the radii recommended by the FAA in its
Advisory Circular 150.5335-1 (Ref, 15). At
certain taxiway-taxiway intersections, however,
the fillet radii recommended by the FAA are in-
adequate, in terms of the adopted criteria. for
B-2707 taxiing operations.

At most airports there are intersections which
could require an awkward taxiing maneuver (e.g.,
turning the acute angle of a high-speed exit taxi-
way). Since these are nk normal maneuvers, a
less rigorous set of criteria has been used. The
operating limits adopted for these rarely made
intersection mancuvers permit the use of the
maximum nose-wheel steering angle (76 degrees),
weaving away from the direction of turm prior to
starting it, and a reduction of 10 ft in the clear-
ance between the edge of pavement and centerline

of nose or main-gear truck. Minimum fillet
radii for a wide range of turning angles were
determined for various combinations of widths of
intersecting paven. t in accordance with each
set of criteria,

The first step in the study of intersection fillets
at the individual airports was the elimination of
those fiilets that the B-2707 would never use,
such as entrances to cargo areas, etc. Next,
each remaining fillet was classified either as
rare or normal usage. In marginal cases, the
fillets were conservatively classified as normal

usage pavements.

Where applicable, the standards developed for the
study were used to determine the adequacy of the
existing or planned construction. A separate
model study was performed for each intersection
for which the study standards were found
inapplicable.

Quantities were determined for the improvements
required to bring each inadequate fillet up to the
set of study standards by wl.ich it has been classi-
fied. Current unit prices fcr materials and labor
were applied to the estimated quantities {o deter-
mine the costs of improvements., All such costs
have been allocated to the B-2707 and are reported
in the summary of costs found at the end of the
individual airport reports.

Holding aprons at the ends of runways are of less
importance to jet-powered airplanes than to piston-
engine airplanes, which require them for engine
runup. Nevertheless, the holding apron will con-
tinue to serve as an area in which aircraft lacking
departure clearance cr requiring additional last-
minute functional checking can wait while those
behind them pass.

Instances of one B-27/07 passing another on a hold-
ing apron will be rare. It has been assumed that
the passing B-2707 would sweep its wings to gain
clearance. The adoption of this assumption makes
the combination of a B-2707 and a large, current
subsonic jet on holding aprons critical, The com-
bination selected for the study was a present day
jet with a wing-span of 142 [t anJ the B~2707,
which has 3 1 74-1t wing-span. Depending upon the
geometry of the apron, the B-2707 {assumed {o be
the holiiing airplane) was parked either parallel to
the luag edge of the apron or at a slight angle to it,
In mancuvering into its parked positions, the cri-
teria of 50-degree nose-wheel steering angle and
20-ft pavement edze distance were ohserved. The
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subsonic jet was required to pass on the taxiway
centerline while clearing the B-2707 by at least

25 ft. Where necessary, the modifications re-
quired by these criteria have been designed and

all costs associated therewith have been estimated,
including the resetting or addition of edge lights.

Terminal aprons and the layout of concourses at
some ajrports are such that aircraft parked atthe
outermost gate positions are too close to the peri-
phery of the apron to permit the passage of a
B-2707. Although other large airplanes entering
service prior to the B-2707 will probably necessi-
tate increased apror. widths in such terminal
areas, the costs of appropriate modifications have
been estimated and allocated to the B-2707,

Terminal area inlays have been provided at some
of the study airports. These are concrete pads at
the gate positions which prevent rutting (which
frequently occurs when flexible pavements are
subjected to static or highly chennelized loads)
and pavement deterioration caused by fuel spillage.
At those airports where the management or tenant
airlines have instulled an =ppreciable amount of
rigid-pavement inlay, it has been assumed that
inlays would be required at the B-2707 gate posi-
tions, An inlay 75 ft by 130 ft would provide an
ample margin around the fueling stations, main
gear, and engines; inlays of this size have been
assun.ed for estimating purposes.

4.2,.3.3 Structures

At every airport investigated, it has been found
that pavement subjected to airplane loadings is
underlain by items such as pipes, cuiverts, utility
conduits, an1 baggage channe!s. At five airports,
there are, or soon will be, overpass structures
or vehicuiar subways carrying airplane loads.

Static B-2707 loads and their arrangement are the
same as those used for the evaluation of pave-
ments. Impact loads have been neglected for all
structures, except overpasscs and culverts with
less than 3 ft of cover. Individual considerations
of their span lengths led to the adoption of rolling
impact factors ranging from 10 to 30 percent of
the static load. It was assumed that any struc-
ture requiring a strengthening modification wii!
in actuality, be redesigned by the airport operator
for a growth version of the critical airpiane.
Therefore, structures requiring modifications
chargeable to the B-2707 at a gross weight of
75,000 Ib were redesigned for an airpiine dis-
tributing 745,000 Ib in the same manner as the
basic B-2707, for cost estimating purposcs,

. -

The properties of all structural materi:
assumed to be those required by the sp«
to which they were constructed, Assun
bearing values were those used by the ¢
designers.

Overpass deck slabs, the iop slabs of br
and other underground siructures havin,
than 2 ft of full cover have been analyze
live-load distribution based cn orthotrc;
theory; this accounts jor the relative st.
the slab paraliel and normali tc the span
The top atabs of box culverts and wider
structures having a fill cover of greate-
have been analyzed for a live-load distri
accordance with Item 1.3, "Distribution
Loads Through Earth Fills," of the Stan
Specifications for Highway Bridges adopt
American Association of $’ate Highway (
Eight Edition, 15¢ (Ref. 16). The botto
of box culverts and the footinge of underg
structures have been analyzed for a live-
tribution in accordarce with the same ref
item, except thit the loads have been dist
longitudinally by the walls. The tox culwv
underground strictures have been analyze
rigid frames for stresses due to dead-loa
load, and earth pressure.

At each ot the airports studied, there are
sive and complex installations of pipe and
Since complete and up-to-date data on the
ments are seldom available, the decision
made tc use the same approach as that use
analysis of pavements, and the DC-8 was
used as the criterion airplane. The resu!
analysis may be sun.narized as follows:

® For depths of cover of 1to 2 ft, the B
imposes loads 5 percent greater than
imposed by the DC-8-55.

. For depths of cover of 2 ft to about 54
DC-8-55 imposes the greater load.

e The depth of cover at which maximun
overstress on the pipe occurs is ahout
and, for this depth, the loads impo.ed
B-2707 are about 8 percent greater tk
those imposed by the DC-8-55.

The DC-5 and other aircraft exerting simil
have been operating at most of the airports
for over 5 vears. The {act that no damage
or conduit was reporied during the investig
is indicative of proper selection of matcria
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good conatruction practice, S8ince it would serve
iittle useful purpoge to remnve and replace un-
damaged pipe in anticipation of imposed loads only
8 percent greater than those currently being borne
without evidence of distreas, it has been assumed
that no cost will be incurred by the B-2707 for
improvements to pi e and conduit.

4.2.3.4 Terminal Areca

The goal in studies of the terminal area has been
to examine the degree of flexibility open to the
airlines for maneuvering and docking the B-2707
by conventional techniques. The operating criteria
employed in studying the feasibility of maneuvering
into and from a specific position were as follows:

e* Allowance is to be made for a forward roll of
10 ft prior tc stopping and a 10-ft forward roll
prior to taxiing out,

o A minimum of 25-ft clearance from all fixed
objects, retracted loading devices, and other
aircraft shall be maintained while maneuver-
ing and wken docked, excert that a minimum
of 10 ft from ncse to building will be permit-
ted for nose-in parking,

o Retraction of the wings will not be necessary
to gain required clearances.

¢ The maximum nose-wheel steering angle of
76 degrees may be employed {or maneuvering,

e The nose, which is nermally down for grcund
maneuvering, may be raised as required to
clear low obstructions to raaneuvering,

e When docked, the B-2707 will not interfere
with vehicular travelways adjacent to ter-
minal buildings and concourses,

Passenger loading evaluation must consider the
imminent changes to be induced by proposed air-
planes and traffic growth, Since the Boeing

Model 747 and stretched versions of the DC-8 are
being placed in service prior to the introduction
of the B-2707, it is highly likely that many exist-
ing terminal facilities will have undergone exten-
sive architectural remodeling, Hold rooms in
concourses, for example, may require enlarge-
ment, and the concourses themselves may have

to be widenad. Since such alterations would prob-
ably be made even ii the B-2707 were not develop-
ed. the costs involved are not properly attribut-
able to it.

It is foreseen that passengers wiil normally be
transferred between the B-2707 and the terminal

building via second-story loaders., Alternate
parking positions have been studied to determine
the optimum mode of gate positioning for passen-
ger handling, Final gate positions selected and
shown in the report have been chosen to ensure
taxiing clearance, and usage of existing loading
bridges, while maintaining the capability of two-
door loading,

Representative costs of alteration or replacement
have been estimated for the various loaders in use
at gate positions where the B-2707 can be readily
parked. The costs of new loaders at new locations
oa the terminal face have also been estivaated,
Such costs are greater than those of a replacement
loader by the amount required to provide power
and an opening in the terminal face,

A wide variety of passenger-loading practices
was observed at the airports included in the study.
At some, ail loading and unloading of large, sub-
sonic jets is performed by movable ramps. More
commonly, however, a mixture of practices is
found. Typical of such situations is the one in
which each airline has exclusive gates assigned to
it and has been permitted to install loaders of its
own choice at locations of its own choice. To
achieve consistency in the allocation of costs per
gate position, the following criteria have been
adopted for the purposes of this report:

® At existing terminal facilities where there are
now no loaders and where no equipment has as
yet been selected for future installation, no
passenger-loading costs are attributable to
the B-2707. The basis for this reasoning is
that future installations will, for the most
part, be compatible with largs subsonic jets
and, therefore, with the B-2707 as well.

o The same reasoning holds true for proposed
terminal buildings and for proposed exten-
sions to existing terminal buildings,

e If at a particular concourse, satellite, or unit
terminal building it is the cu: r~ent practice of
a particular airline to perform all or most
passenger loading by means of second-level
loaders, then all costs incurred by providing
the same capability at each B-2707 gate posi-
tion shown for that airline are attributable to
the B-2707.

o At concourses, satellites, or unit terminals
where the airport operator or the airlines
have installed loaders at only a few of many
positions, second-level loading is not consid-
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ered to be normal practice. Therefore, at
those terminals, no loader costs are attribut-
ed to the B-2707, If an existing loader can be
used, the costs of any required modifications
to it, plus the costs of a secund new loader
are allocated to the B-2707,

Costs reflected in the summary are average per
gate costs for the airport, The total is not shown,
since it is dependent upon the total n.umber of posi-
tions. Studies sre continuing to determine a
1neans of utilizing the additional passenger loading
doors beyond the two forward doors used in this
study.

Fuel will be a standard commercial kerosene of
the same grade as that used by subsonic jet air-
planes. Thus, the existing fuel storage and dis-
tribution systems may be used for both super-
sonic and subsonic airplanes.

The B-2707 has a usable el capacity of 54,790
U.S. gal. Fuel will be loaded through two illu-
minated underwing fueling stations, each with
two nozzle connectors. The airplane is designed
to accept 2000 gpm at a maximum pressure of

50 psi at the nozzle, At th::e airports where
underground fuel supply lines are not installed, it
will be practical to refuel the B-2707 from large
tanker trucks, The designs of most existing
underground systems have been based upon a
maximum fueling rate of 1290 gpm per gate. In
gener:z!, the B-2707 will occupy two current gate
positions. Since the ideal flow rate of 2000 gpm
for the B-2707 is less than twice the ideal flow
rate of 1200 - 1600 gpm specified for the current
subsonics, Increases to the loop system sizes
are not considered to be attributed to the
supersonic transport,

Exiasting fuel hydrants will probably not be adapt-
able to the B-2707. It appears that the ASA stand-
ard 2-1/%-in. hydrant connection will Lave to be
replaced by a 4-in. connection to satisfy the air-
plane fueling rate requirements. Where under-
ground fueling sys.ems are in place or firmly
planned, the average costs of providing new hy-
drants and laterals have been calculated and attri-
buted to the B-2707.

4,2,3.5 Blast Effects

The principal difference in relation to Llast effects
between the B-2707 and current subsonic jets is
in engine thrust, Whiie jet wake velocities are
generally higher for the B-2707 {both GE and
P&WA engines) than for current large subsonic
jets, these differences, both at breakaway and at
maximum thrust are not proportionately large,

and the greater height of the B-2707 engines, as

compared to those of current underwing engines,
tends tooffset the effects of higher velocities as
related to vehicles and personnel on the ground.

In terminal nreas, the principal operational dif-
ference anticipated is that the B-2707 will be
towed or pushed somewhat farther from teiminal
facea and other aircraft and more frequently than
is the present practice; this difference will be
minor and will not significantly alter terminal
operations,

The effects of B-2707 et engine exhaust velocity
and temperature on the runway surface have been
investigated, Exhaust velocity impingement on
the runway at maximum dry power is less than
that caused by present subsonic airplanes. Tem-
peratures will re silightly higher. Neither velo-
city nor temperatures at maximum dry power will
affect concrete nr asphalt runway surfaces. With
augmented power, impingement exhaust velocities
and temperatures are higher than current subsonic
jets, However. no damaging effect to asphaltic
runways is expected.

4.2.3,6 Runway Length Requirements

Takeoff and landing runway lengths were evaluated
against the airplane performance requirements
listed on Table 4~B. The combination cf high-
thrust engines and variable-sweep wings provided
compatibility with all the anticipated use runways
at the 15 airperts studied,

4,2.3.7 Fire Rescue Equipment

Considerable research and development in air-
crafi fire rescue technology is in progress. The
FAA and the military are engaged in studies and
experimenta! progiars designed to improve equip-
ment response time and fire-fighting materials,
capabilities, and techniques.

The advent of subsonic jets with passenger-
carrying capacity comparable to the B-2707 is not
expected to necessitate the development of new
types of rescue equipment, Safety aspects of the
B-2707 design including crash safaty, emergency
escape, and crash fire safety assurance will meet
or exceed the requirements of FAA specifications,
Valuabie extra minutes of protection for occupants
of the B~-2707 may be gained from the temperature-
resistant {itanium fuselage. The arrangement
and size of the exits permit evacuation of passen-
gers in 90 seconds ~u the ground with all exits
Llocked on one side. Fire and rescue equipment
beyond that available when the B-2707 is intro-
duced into service is not anticipated.
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Toble 4.-B. Runway Length Requirsmnents
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Engines ”
P&WA GE ‘
FAR LANDING FIELD LENGTH (Flaps 20° /40°) I
Dry Runway {Lengths in F't)
Normal Landing Wt l
P&WA - 378,000 1b 6,800
GE - 384,500 Ib 6,902 !
Max Design Landing Wi
P&WA - 420,000 1b 7,400 l
GE - 430,000 1b 7,500 !
Wet Runway per FAR 121, 195 (d)
Normal Landing Wt 6,900 7,000 ‘
Max Design Landing Wt 7,500 7,600
FAR TAKEOFF FIELD LENGTH i
(Max takeoff wt - 672,000 lb) {Lengths in i"{; !
Full Augmented Power
Standard day E
Sea level 7,300 7,000
2,000 ft elev 8,300 7,900 ‘
Standard day + 20°C
Sea level 8,900 8, 800 I
2,000 fi elev 10,260 2,900
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In view of the fact that FAA safety standards have
been met or exceeded, no cost= for fire and rescue
equipment have been included, unless specifically
requested by the airport operator,

4,2,3.8 Airport Evaiuations

Results of the application of the foregoing evalua-
tion criteria to the 15 designated airports, along
with appropriate aerial phoiographs, are included
in subsequent paragraphs of this report, Blast
effects, runway length, and fire and rescue equip-
ment are not treated for individual airports, un-
less specifically requested by the airport cperator.

4.3 ANCHORAGE INTERNATIONAL AIRPORT

4,3.1 Evaluation of Pavements

All pavements are of flexible construction and are
supported by a sand filter course up to twe feet
thick, Although subgrade construction of this kind
is non-plastic, the airport operator reports that
extensive areas of the aubgrade hold water and
are susceptible io frost. The reports recommend
the use of an FAA subgrade classification of F6.
The FAA method of pavement design with an Fé
subgrade classification results in a required flex-
ible pavement thickness for the DC-8 of 34 in.,
for the B-2707, the requirement is 32-in. Runway
6-24, 10,600-ft long, was constructed with a num-
ber of different pavement cross-sections, none
less than 35-in. in total thickness. Most terminal
area and taxiway pavements are 37-in, thick,

Because the B-2707 has a pavement thickness
requiremernt less than the DC-8-55, no costs have
been attributed to the B-2707.

4.3.2 Requireinents for New Pavements

The geometry of all paving fillets was taken from
plans made available by the airport operator and
verified from an aerial photograph. Included in
the investigation were 25 fillets, 14 of which re-
quire improvement. The general assumptions
and criteria for the present evaluation may be
found in Par, 4,2.3, The specific assumptions
made for the investigation of the fillets at
Anchorage are as follows:

a. Runway 13-31 will be extended as shown
on Fig, 4-6 prior to the introduction of the
B-2707. As a resuit, its exit taxiways will be
used routinely by the B-2707.

b. Cost estimates given have been based
upon the conservative assumption that existing
fillet radii will oniy be improved when required
by the introduction of the B-2707,

c. The terminal apron expansion proposed
on the Airport Master Plan will have been accom-
plished prior to the introduction of B-2707 oper-
ations. As a result, improvements to the fillets
at the periphery of the existing terminal apron
need not be considered.

The total costs for ps . 2ment improvements as
listed are attributable to the B-2707. They have
been estimated using current construction costs;
tne results are summarized in Par. 4,3.5.

At Anchorage International Airport, there are
presently three holding aprons; one near the
threshold of runway 13 and one at each end of run-
way 6-24. As shown on Fig, 4-6, runway 13-31 is
planned to be extended on both ends. It has been
assumed that the extension of runway 13-31 will
include holding aprons satisfactory for B-2707 use.

Runway 6, Recause the holding apron at the
southwest end of the primary runway does not
meet the criteria stated in Par. 4.2.3, the costs
of extending it have been allocated to the B-2707.
The north edge of the apron cuts into the slope of
a low hill, but its west side has been built on a
shallow fill, The assumption has been made that
the apron will be widened to the west and will, as
a result, incur only minor costs for grading work.

Runway 24, According to the criteris discussed
in Par, 4.2, 3, the apron dimensions are
adequate.

4.3.3 Evaluation of Structures

From the available data, it is judged that all pipes
and conduits beneath airficld pavements are within
the range of acceptable conditions as defined in
Par. 4.2.3. Therfore, they are compatible with

the B-2707,

4,3.4 Terminal Area Considerations

Anchorage International Airport plans a compiete
revision of its terminal area. Recently completed
is a hexagonal-shaped sateliite currently being
served from the existing building by a temporary
connection through the finger pier, Construction
of the new finger pier indicated on Fig. 4-7 will
provide a permanent connection to the rentral
building. The three nose-in loading positions
shown are based on an initial anticipated require-
ment for forward door loading only, These posi-
tions, shown on fFig, 4-7 have been found satis-
factory, with respect to maneuvering, adaptabil-
ity to different gate arrangements, and effects
upon adjacent gate positions,

V4-B2707-1
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A single fixed-length loader (swing-type) has been
installed on the new sateilite. This loader is cora-
patible with the B-2707 for forward-door loading.
No costs have been allocated {for the other two
positions shown, on the assumption that any load-
ers that may be installed in the future will be of

adequate length.

Underground fueling at Anchorage consists of one
service point at the north end of the <.d terminal
and a system recently installed to serve the new
satellite area. The fuel systems will require
modifications to satisfy B-2707 requirements.
The cost has been estimated and included in the
summary,

4.3.5 Estimated Costs
a., Lump Sum Items

Modification of 14 fillets:
Full-strength pavement

at $8 per sq yd $30, 000
Shoulder pavement 27,000
Revisionsto lights and signs 17,000
Widening of runway 6 holding
apron:
Full-strength pavement
at $8 per sq yd 8,000
Shoulder pavement 5,000
Revisions to lights 1,000
Total Estimated Cests $80, 000
b. Unit Costs per Gate Position
Fuel system modifi.ation $20,000

4.4 FRIENDSHIP INTERNATIONAL AIRPORT,
BALTIMORE

4.4.1 Evaluation of Pavements

Except for concrete inlays in the terminal-area
apron, all pavements at the Baltimore Friendship
International Airport are flexible. Original pave-
ments were composed of a 5-in. granular subbase,
7-in, bituminous bsse, and a 3-in. surface course,
In 1964-1965, all such pavement was given a level-
ing course, which varied in thickness from 0 to

4 in., with a 1-1/2-in, overlay, Thus, the orig-
inal pavements range from 16-1/2 to 20-1/2 in,

in thickness. Newer flexible pavements are sim-
iflar to those construcied in 1950, except that the
subbase courses are 10-in. tkick, and are not
overlaid, Thus, their total thickness is 20 in,

V4-B2707-1

For use with the FAA flexible pavement design
procedure, an FAA subgrade classification of F1
is recommended by engineers of the Department
of Aviation, For use with the Corps of Engineers
method, a minimum value of CBR 20 is judged to
be reasonably conservative by the airport operator
and his consultants. Using these data, the FAA
method of calculation results in DC-8-55 and
B-2707 requirements of 15 and 13.5 in, of
pavement, respectively. By the Corps of
Engineer's method, 18 and 20 in. are required.
For purposes of the study, the Corps of Engineers'
pavement design method has been applied, resnlt-
ing in selection of the B-2707 as the critical air-
plane. All of the newer pavements are 20-in.
thick and are presumed adequate.

As noted, the older payments now range in thick-
ness from 16-1/2- to 20-1/2-in. For the B-2707,
the 20-1/2-in. thickness corresponds to the pave-
ment requirements of a subgrade having a CBR
value fractionally lower than 20; while the 16-1/2
in, thickness corresponds to CBR 26. It is logical
to assume that the recommended minimum CBR
value represents the subgrade conditions under-
lying those areas of older pavement that required
4 in, of leveling courses when the 1-1/2-in, over-
lay was placed. Since the pavements in such areas
are now 20-1/2-in, thick, the B-2707 would im-
pose no additional thickness requirements on the

weakest subgrades. It is reasonable to assume
that higher subgrade strengths generally occur
in areas that underwent little or no settlement,
in which case the 16-1/2-in. thick pavement
would be adequate for the B-2707.

4.4.2 Requirements for New Pavements

The geometry of all paving fillets were taken from
plans made available by the airport operator. Ia-
cluded in the investigation were 36 fillets, 6 of
which require improvement, and 7 curved taxiways,
of which 4 will require improvement. The general
assumptions and criteria for the pavement evalua-
tion may be found in Par. 4.2.3. The specific
assumptions are as follows: (1) because of planned
extensions (Fig. 4-8) to runways, existing exit
taxiways nearest present landing thresholds will

be used routinely by the B-2707, (2) the preseat in-
vestigation takes into account only those fillet.
improvements that are firmly planned {or 1967;
and (3) extensive revisions are planned for the
terminal apron and its peripheral taxiway

(Fig. 4-9). It is assumed that these revisions

will have been accomplished prior to the intro-
duction of the B-2707; hence, certain existing
fillets need not be investigated for compatibility.

\
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The total costs for the improvements to the pave-
ments described are attributable to the B-2707.
The estimates are based upon current consiruction
costs, and the results are summarized in

Par. 4.4.5.

There are three major holding aprons at Friend-
ship International Airport. A fourth is being con-
structed at the runway 33 threshold. When this
construction is completed, there will be holding
aprong at each end of runway 10-28 and runway
15-33. Each appears to be adequate by the cri-
teria stated in Par. 4.2.3, There are small
paved areas used for holding, near the threshold
of runways 4 and 33. Another such area is located
adjacent to taxiway G, near the end of runway 10,
Information from the Department of Aviation indi-
cates that these areas will not be used by the
supersonic transport,

It is the opinion of the airport operator that rigid-
pavement inlays would be required at the B-2707
gate positions, Accordingly, a cost-per-gate-
position has been estimated.

4.4.3 Evaluation of Structures

Two box culverts required investigation. A 7-by
5-ft reinforced-concrete structure, passes be-
neath runway 10-28, with a depth of cover of about
18-ft. A 9-by 6-ft, 7-in. reinforced-concrete
structure passes beneath the east-west taxiway
with a depth of cover of about 22-ft. For both
structures, the critical section was mid-point of
the top slab of the box, The calculated stresses
induced in reinforcement and in concrete were
less than the allowables.

There are a number of drainage structures so
located in the airfield pavements at Baltimore that
they are subjected directly to plane loads. Fach
of the different types was investigatedto determine
its adequacy {or supporting the maximum loud of
the B-2707. The investigations included grates,
supporting beams, and footings. All grates and
their supporting beams would be under-stressedby
the B-2707's imposed live load with 30 percent
impact factor. Stresses in foolings are within the
design limits, as are the soil bearing pressures,

All pipes and conduits beneath airficld pavements
are within the range of acceptabie conditions
stated in Par. 4.2.3.

4.4.4 Terminal Area Considerations
The terminal avea at Friendship International
Airport follows the central terminal and finger

picr concept, Three separate buildings connected
by pedestrian concourses compose the center of
the terminal area. Two finger piers have already
been built, Extensions for the two existing piers
and construction of a third are in the planning
stage. A Y configuration has been assumed for
the extension of the north pier. Eight B-2707 posi-
tions have been indicated in Fig. 4-9. Internal
parking is not feasible due to the restriction of
maneuvering room, and the encroachment on the
potential parking positions of smaller airplanes.

All loading and unloading of passengers at Balti-
more is presently done by means of mobile ramps.
Ten swinging fixed-length type loaders are cur-
rently being purchased for installation. Consider-
ing that the B-2707 positions shown on rig. 4-9
are all at proposed future pier locations, it is
anticipated that the equipment now on order will
adequately accommodate the B-2707. No cost has
been assessed against the B-2707,

Airplaie fueling is now performed with mobile ten-
ders. The tenders are operationally flexible and
can be furnished in g.antities sufficient to supply
the B-2707,

4.4.5 Estimated Costs

a. Lump Sum items

Modification of 6 fillets and
4 curved taxiways:

Full-strength pavemert

at 37 per sq yd $11, 000
Revisions to lights and
signs 3,000
Total Estimated Costs §19, 000
b. Unit Cost Per Gate Position
Terminal Apron Inlays $18, 000

4.5 LOGAN INTERNATIONAL AIRPORT, BOSTON

4.5.1 Evaluation of Pavements

lL.ogan International Airport {Fig. 4-10) is con-
structed on a hydraulic clay fiil having an FAA
subgrade classification of F7. The hyvdraulic fill
was placed on top of an organic silt laver. The
intention was to have the {ili displace the silt and
come to rest on an underlying layer of firm clay
but the organic sili has not been fully displaced.
As a result, there have been settlement problems
at the airport.
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All existing pavements are flexible., Except in the
original terminal area, where a 10-ft-thick layer
of pit-run gravel was placed prior to paving, the
39-in, ~thick pavements were constructed directly
on the clay fill, Leveling courses and an overlay
added a minimum of 2-in, to the runway. In the
areas of maximum settlement, the total thickness
of flexible pavement added was as highas 27-in,
Some sections of taxiways that developed settle-
ments have also been corrected. Elsewhere, the
taxiways have received seal coats. The critical
pavement areas in the terminal and the pavements
at aprons and taxiway intersections have been
sealed with a tar-rubber compound which resists
deterioration from fuel spillage. Visual inspec-
tion showed all the pavements to be in good con-
dition with some minor longitudinal rutting in one
of the taxiways,

The airport's pavements were designed in accor-
dance with the equivalent single wheel load method
developed by the Civil Aeronautics Adminstration.
For the design of critical pavement sections, the
present FAA flexible pavement design system
results in a thickness requirement for the DC-8-55
of 39-in, ; for the B-2707 the requirement is
37~-in, On this basis, the costs of any pavement
strengthing would not be attributuble to the B-2707,

New terminal apron construction in the current
expansion program is 15-in, -thick portland
cement concrete. In some areas, it is being
placed directly on old pavements; in others, on a
24-in. gravel subbase, Aprons so constructed
will be compatible with the B-2707.

4,5.2 Requirements for New Pavements
Included in the investigation were 44 fillels and 3
curved taxiways, of which 4 fillets require im-
provements, The geometry of the fillets was
taken from plans made available by the airport
operator and verified from an aerial photograph,

The total costs for the pavement improvements
listed are attributable to the B-2707 and were esti-
mated, using current construction costs, The
general assumptions and criteria for the pavement
evaluation may be found in Par. 4.2,3. The ter-
minal apron expansion at Logan International Air-
port shown on Fig, 4-11 will be completed prior

to the introduction of B-2707 operations, elimi-
nating the need for improvements to the fillets at
the periphery of the existing terminal apron.

Results of the investigation of the holding aprons
at Logan Internationa! Airport are provide below,

a. Runway 4R Holding Apron, This apron
does not meet the criteria of Par, 4.2.3, A
widening of approximately 30-ft to the south is
necessary for B-2707 usage, putting the south
edge of the expanded apron immediately adjacent
toanexisting maintenance roadway. This action will
require the relocation of approximately 800-ft of
perimeter maintenance roadway. Estimated cost
for this relocation, including paving, filling into
Boston Inner Harbor, and rip-rap slope protec-
tion, is included in Par. 4.5.5.

b, Runway 15R and Runway 27. Holding
aprons for these runways satisfy the requirements
of Par, 4.2.3.

c. Runway 33. The apron at runway 33
threshold now consists of a section of pavement
placed for planned runway 9R-27L. Widening
will be necessary if 9R-27L is not constructed
prior to the instroduction of B~-2707 service.
Costs have been estimated for the, appropriate
widening and necessary relocations of lights and

signs.

4.5.3. Evaluation of Structures

Two storm-water drainage structures were inves-
tigated for B-2707 loadings. These structurespass
beneath taxiways connecting runway 4L-22R and
the east side of the terminal apron.

A double 3-by 4-ft reinforced-concrete box culvert
supported on piles carries the flexible pavement of
one taxiway directly, A check of the pile loads and
the stresses in the concrete and reinforcing steel
shows that the structure is capable of carrying the
B-2707.

A pile-supported, concrete-bedded, 34-in, -
diameter concrete pipe culvert carries storm-
water runoff beneath the south taxiway. The min-
imum cover on the section of the pipe subjected to
aircraft loadings is about 5.5-ft, Pipe of the
lowest strength (Class I) and having a Class A
bedding condition was assumed for investigation.
The pipe in its bedding is more than adequate to
sustain the B-2707 live loads. The adequacy of
the piles is questionable; however, the B-2707
imposes a total load only 5 percent in excess of
that imposed by the DC-8-55. No costs for
strengthening the culvert supports have been
attributed to the B-2707.

All other pipes and conduits beneath the airfield
pavements are within the range of acceptable con-
ditions stated in Par, 4,2.3
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4,5.4 Terminal Area Considerations

The current expansion program will greatly in-
crease the number of airport gate positions, Two
new terminal buildings and loading facilities on
each of the four T-shaped existing piers is sched-
uled. A new termina!l building is under construc-
tion in the southwest area of the terminal apron.
The three future piers are planned for both linear
and satellite loading. Airplane parking positions
are alsc arranged along the faces of the terminal
buildings and their connecting concourses. Fif-
teen parked B-2707's have been shown at the cuter
gate positions of the existing and future piers.

The positions shown at existing T piers have been
investigated on the basis of their anticipated future
development. It can k. demonstrated that interior
positions are also {casible.

The plans for second-level loading are presently
incomplete. If maneuvering clearances and sili
heights of fulure airplanes are considered in the
selection of loading equipment, the B-2707 gate
positions shown on the terminal area exhibit can
be adapted for simultaneous two-door passenger
loading., o costs are chargeable to the B-270%
for the adaptation of passenger-loading devices
until plans for loading arrangements become
better defined.

Aircraft fueling is now performed with mobile
tenders which are operationally flexible and capa-
ble of supplying the fuel requirements of the
B-27017.

4.5.5 Estimated Costs
Lump Sum ltems
Modifications to 4 fillets:

Full-strengtk pavement at

" Full-strength pavement at

$9 per sq yd 17,000
Shoulder pavement 7,000
Revisions to lighta 3,000
Relocation of roadway 50,000
Total Estimated Costs $127, 000

4.6 O'HARE INTERNATIONAL AIRPGRT,
CHICAGO

4,.6.1 Evaluation of Pavements

The layout of present and proposed pavement is
shown on Fig. 4-12. Both rigid and flexible
pavements have been constructed at O'Hare Inter-
national Airport. In some places, the rigid pave-
ments have received bituminous overlays. Engi-
eers of the Chicago Department of Aviation
recommend the use of a subgrade modulus of
reaction of k = 100 for the design of rigid pave-
ments and an FAA soil strength classification of
F4.

The critical areas at the ¢nds of runway 14R-32L,
sections of the taxiway parallel to it, taxiways
T-1, T-2, T-3, and T-7, and the terminal area
apron consist of 15-in. -thick concrete pavement
over 12-in. of crushed-stone hase. The modulus
of reaction recommended for use on top of the
stone base is k = 190. For these conditions, it is
calculated that tha fully joaded DC-8-55 induces
flexural stresses about 6 percent higher than the
recommended maximum allowable, which is

330 psi., The B-2707, on the other hand, would
induce stresses about equal to the allowa:le,

The noncritical portion of runway 14R-32L is an
1i-in, ~thick concrete pavement with a maximum
allowable flexural stress of 330 psi. The calcu-
lated stresses induced by the DC-8-55 and the
B-2707 in this pavement are, respectively, 51
percent and 44 percent higher than the ailowable

$9 per sq yd $11, 000 recommended, Because the B-2707 is less crit-
Shoulder pavement 8, 000 ical than the DC-8-55, no pavement upgtading
Revisions to lights and signs 5. 000 costs have been attributed to the B-2707. Run-
' ’ way 14L-32R and taxiways serving it are 12-in, -
Widening of runway 33 holding apron: thick concrete pavements. Asphaltic concrete
overlays ranging in thickness from 2-to 4-in.
F;l ll-strengéh pavement at 19. 000 have been placed over much of the origiral con-
$9 per sqy 9, struction. The flexural stresses induced in all of
Shoulder pavement 5,000 these pavements are again somewhat higher for
Revisions to lights 2000 DC-8-55 loadings than for B-2707 loadings. The
‘ g ’ costs of any future pavement improvements would
Widening of runway 4R holding apron: not be attribuiable to the B-2707,
V4-B2707-1

173




b Livg

Figure 4-12. O'Hare International Airport
V4-B2707-1

e —— e e e i ——




e=

The FAA method was used to design O'Hare's
flexible pavements, which are 27~ and £9-~in.
thick, Pavernent thickness requirements for the
DC-8-55 and the B-2707 are 25.5-in, and 24~in.,
respectively. Therefore, the DC-8 ig controliing
and both airplanes are compatible with the exisi-
ing flexible sections.

4,5.2 Reguirements for New Paveraents

Included in the investigation were 101 fillets and 5
curved taxiways, of which 11 fillets reqaired im-
provements. The geometry of the fillets was taken
fram plans made availabie by the airport operator
ausd verified by aerial photography. The general
assumptions and criteria for the pavement evalu-
ation are found in Par. 4.2.3. The specific
assumptions made are as follows:

a. Existing runways 9-27 and 4-22 will be
decommissioned prior to the introduction of
B-2707 operations,

b. Turns of 180 degrees between the inner
and outer circular apron taxiways are rarely made,
as are consecutive 90 degree turns made in oppo-
site directions between these two taxiways.

The total costs for the improvements to the pave-
ments described above are attributable to the
B-2707. These costs have been estimated using
current construction costs; the resuits are sum-

marized in Par. 4.6.5.

The holding aprons at the thresholds of runway
14R-32L are adequate for the B-2707 by the cri-
teria stated in Par, 4.2,3. The three other
aprons that presently exist are inadequate; how-
ever, they will not be used for holding, No cosis
have been estimated for expansion of O'Hare's
holding aprons.

4,6,3 Evaluation of Structures

A cirenmferential taxiway bridge is presently
being constructed over the airport access highway.
While this structure is designed for a 600,000-1b
airplane, the load distribution from the 675, 000-
Ib B-2707 is such that the structure and the air-
plane are compatible.

All pipes and conduits beneath the airfield pave-
ments are within the range of acceptable conditions
stated in Par. 4.2,3. Therelore, they are com-
patible with the B-27017.

4,6.4 Terminal Area Considerations

The terminal area at O'Hare Internatizaal Airport
(Fig. 4-13) is basically patterned on the centrai
terminal and finger pier concept. The central
domestic terminal is aclually two buildings branch-
ing from a circular central service core. Ai some
distance from the domestic terminal, but connected
to it by concourses, is the international terminal.
Maneuverability studies indicate that there are
about 22 parking positions where the B-2707 could
be readily accommodated. The finger pier con-
figuration readily lends itself to the canted park-
ing position. This has the inherent advantage of
minimizing the need for modifications to existing
passenger lcading devices, the required lengths

of new loaders, and the extent of modification to
underground fueling systems. No parking studies
were made of the two linear concourses proposed
in the master plan of the terminal area because of
the tentative status of planning,

With the typical canted parking position shown, it
is possible to utilize the swinging-telescoping
bridges existing at some locations, These bridges
would require adjustment to their vertical arti-
culation capability in order to reach the second
door sill of the B-2707,

At pier D, three existing swinging-telescoping
loaders could be modified and utilized for the two
end-of-pier positions. For the westerly end posi-
tion, an existing loader might be modified and
utilized at the second door. Similarly, the two
interior positions could be served by three exist-
ing loaders. Omne existing non-telescoping loader
might be relocated to service the forward door of
the westerly interior position,

The end positions at piers E and F and the six

positions at H and K require new loaders. All
three parking positions at pier G can be served
with modified existing equipment,

A loop fuel system having a combined capacity of
46,300 gpm serves all concourses except the
International Arrivals Building, where the system
has been abandoned. The typical jet gate position
is served by two sets of underwing hydrants, each
of which is connected to a different supply loop.

At each of the B-2707 positions shown on Fig.4-~13,
two new fueling hydrants are considered necessary
to permit the B-2707 t.. be refueled at its maxi-
mum rate. To serve these hydrants, new laterals
have been included in the cost estimates,
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4,6,.5 Estimates Costs

a. Lump Sum Items
Modification of 11 fillets:
Full-strength pavement at

$10 per sq yd $49,000
Shoulder pavement 25,000
Lighting revisions _14,000
Total Estimated Costs $88,000

b. Unit Costs per Gate Positions
Passenger loading devices $50, 000
Fuel system modification $12,000

4,7 DETROIT METROPOLITAN WAYNE COUNTY
AIRPORT

4.7.1 FEvaluation of Pavements

The layout of present and proposed pavement is
shown in Fig. 4-14. All pavements at Detroit are
rigid and in excellent condition, The runwayse
consist of 13-in, -thick slabs in the critical sec-
tions and 11- in, -thick slabs in the noncritical
interior sections. Taxiways and aprons ave 12-
in, thick. The subgrade modulus recommended
for slab design and analysis is k = 200, The maxi-
mum allowable concrete flexural stress is 350 psi.
When operated on any of these pavements at their
maximum weights, both the DC-8-55 and the
B-2707 induce flexural stresses greater than the
allowable, However, the DC-8-55 imposes slight-
ly greater stresses in every case, Since the pave-
ments are apparently compatible with the aircraft
operating theie today, it is anticipated that they
will zlso sustain the B-2707,

4.7.2 Requirements ior N¥ew Pavements

Of the 77 fillets and 2 curved taxiways investi-
gated, 22 fillets and both curved taxiways will re-
quire improvement, The geometry of all paving
fillets was taken from plans made available by the
airport operator and verified from an aerial photo-
graph. General assumptions and criteria leading
to the standards adopted for the present evaluation
are in Par, 4,2.3. All costs associated with

such modifications have been estimated and charg-
ed to the B-2707. Fillet modificationg, where
required tec accommodate the B-2797, are mini-
mized by the 200-ft width of existing runways.

There are holding aprons zt each threshold of run-
way 3L-21R, the insirument runway ai Detroit.
Each is connected to the runway by a 75-ft wide,
curved taxiway. The apron at runway 3L will re-

quire a simple widening to meet the requirements
outlined in Par. 4.2.3; the cost of this improve-
ment will be charged to the B-2707. Immediately
adjacent to the terminal apron is the holding apron
for runway 21R which has the same dimensions as
the apron at the opposite threshold. Planned
additional paving adjacent to the proposed satellite
on finger G, will provide sufficient pavement for
holding and taxiing operations.

The geometry of the taxiway, holding apron, and
terminal apron pavements was checked for the
following concurrent events: (1) a current large
subsonic jet parked nose-in at the end of the
United Air Lines Satellite; (2) a B-2707 with wings
fully extended taxiing on the apron past the parked
jet; (3) another B-2707 with wings fully extended
parked on the existing holding apron; (4) a current,
large subsonic jet taxiing on the taxiway parallel-
ing runway 3L-21R, Adequate operational
clearances can be maintained without any revision
of the pavement geometry in spite of this unlikely
concentration of traffic.

4.7.3 Evaluation of Structures

A simple span bridge over a storm-water drain is
located ab~ut 2,300 ft from the threshold of runway
3L. The 300-ft-wide section and 125-ft-wide sec-
tion supporting runway 3L-21R and its parallel
taxiway, respectively, were designed for a gross
weight of 300,000 Ib. The design load was a DC-8
with 150,000 1b on each 4-wheel truck. Detailed
aralysis of the bridge design shows it to be ade-
quate for the B-2707.

All pipes and conduits beneath airfield pavements
are characterized by the range of acceptable con-
ditions stated in Par. 4.2.3 and are compatible
with the B-2707,

4.7.4 Terminal Area Considerations

Uhe layout of Detroit's passenger terminal employs
a modification of the unit terminal concept, When
the current expansion is complete, passengers will
be processed in two separate terminal buildings
located near the ends of a linear building arrange-
ment. The two terminals and the central services
building between them will be connected by a pas-
senger concourse from which four of the six load-
in s fingers will extend. (A seventh finger, which
is shown on the master plan of the terminal area,
would also extend from the linear concourse.)

Studies of the existing six fingers with their pro-
posed modifications have shown canted and parallel
parking modes to be preferable to the nose-in
mode. All eleven B-2707 parking positions, as
shown on Fig. 4-15, were studied on the basis of
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Figure 4-14. Detroit Metropolitan Wuyne County Airport

V4-B2707-1

;




179

- & O R
RS RRS.
. . e, e * R
[ SR H.u e
- ) WA B
v de T EN T
RIFIRP 2 7 Al 3
e oW L N

1

Figure 4=15. Detroit Terminal Arec
V4-B2707

Sp— + [ 'L




—— T -

L —__am——

180

feasil.iity for maneuvering and docking by con- -
ventional techniques. Results of parking studies
showed that fingers A, B, C, D, and F will ac-
coinmodate the B~2707. Two positions may be
occupied simultaneously at piers A, B, D, and F,
and three at pler C. Pier E, a single~story build-
ing planned for local service airlines, was not
considered for B-2707 docking. Finger G parking
studies were not made because of the tentative
status of future plans. The particular arrange-
ments salected have been investigated for feasi-
bility of convenient maneuvering, effects on the
availability of adjacent gate positions, and adapta-
bility to existing gate arrangements and loading
procedures, All suggested modifications to pre-
sently planned loading facilities will result in
equipment vhich will be common to the B-2707
and to the suabsonic jets.

Swinging-telescoping bridges predoininate over
the variety of passenger loading devices. The
existing swing-type nose-loading bridges at finger
pler A (Fig. 4-15) can be vertically modified to
serve the westerly position indicated at that loca-
tion. For the easterly position, one new loader
will be required. At finger pier B, two existing
swinging-telescoping loaders can be modified to
serve the position west of the pier. At the east-
erly position, one existing loader can be modified
and utilized for the second door, For the forward
door at this position, a new loader will be requir-
ed. The end position for finger pier C will re-
quire two new loaders. A similar treatment can
be applied to the position on the north side of the
pier, where existing nose~loaders are not com-
ratible with the B-2707, For the southerly posi-
tions shown, one existing loader can be modified
vertically and one new swinging-telescoping load-
er will be required. The end position indicated

at pier D can be served if the existing loaders are
modified. The remaining position will require
one new swing-type loader for the forward door
and a vertical adjustment to an existing loader to
serve the second door. At finger pier F, four
swing-telescoping loaders will be required to
service the two positions shown on Fig., 4-15.

The existing nose~loaders are inadequate for the
B-2707, and modification is not deemed feasible.

With the exception of United Air Lines, airlines
serving Detroit presently fuel with trucks capable
of servicing the B-2707. United Air Lines has
an underground fueling system at finger F. The
parking arrangement (Fig. 4-15) will require the
addition of four hydrants at two gate positions Jor
B-2707 compatibility,

4.7.5 Estimated Cost
a. Lump Sum Items

Modification of 22 fillets and 2
curved taxiways:

Full-strength pavement at

$12 per sq yd $74,000
Shoulder pavement 12,000
Revisions to lights 31,000
Widening of runway 3L
holding apron:
Full-strength pavement at
~$12 per sq yd 8,000
Revisicns to lights 2,000
Total Estimated Costs $127,000
b, Unit Costs Per Gate Position
Passenger loading devices $50, 000
Fuel system modifications 8,000

4.8 HONOLULU INTERNATIONAL AIRPORT

4.8.1 Evaluation of Pavements

Due to the highly directional prevailing winds at
this airport, over 20 percent of all operations are
conducted in the easterly direction on runway 8-26,
Other runways at the airport have, therefore,
been omitted for this B-2707 compatibility study.

Both flexible and rigid pavements are uezd at this
airport. Rigid pavements consist of 12- to 15-in.
of concrete laid over varying thicknesces of com-
pacted coral base. Flexible pavements, varying
in thickness from 24- to 75.5-in., are constiuc-
ted of bituminous concrete surface, a crushed
coral base, and, where required, a coral subbase.
The existing soil conditions are extremely com-
plex and variable, ranging from poor tc excellent,

The subbase rating for concrete pavement in the
terminal area is equivalent to k = 400, based on a
subgrade rating of k = 170 under a 24-in. thick
base. The base for concrete pavement on runway
8-26 in Hickam Air Force Base is rated by the
Corps of Engineers as k = 300, Minimum sub-
grade CBR values from limited test data range
from 3 in the airfield area to 7 in the north por-
tion of the terminal area. No data are available
for most of the terminal area. The entire runway
area has been given an FAA classification of F9,
baszd on an E-12 soil,

V4-B2707-1



T e £S9 e ) =3 6 a.

r
i

A

A

= es

GR ®©&% S s = r—

Flexural stresses induced in the apron area and
for pavement at the west end of runway 8-26 are
somewhat higher for DC-8-55 loadings than for
the B-2707. Costs of improvements, if any,
would not be attributable to the B-2707,

Apron and taxiway flexible pavements in the ter-
minal area are 24-in. thick and give good service
under DC-8 and other heavy jet traffic. The 24-in.
pavement section with the DC-~8 loading of

328,000 lb requires a subgrade CBR of 14.5.

This value i3 judged to be more representative of
actual subgrade strength than the single low value
of 7 noted. For a CBR of 14.5, the required pave-
ment thickness for the B-2707 is 26 in., or 2 in,
more than the existing thickness, The apron and
taxiways, however, are scheduled for a 3-in.
overlay in 1967 - 1968, These pavements, there-
fore, are considered to be compatible with the
B-2707.

Taxiway A, between taxiway D and Hickam Air
Force Base (Fig. 4-16) has 2 minimum pavement
thickness of 24 in. In some areas of soft clay or
muck, the pavement has been placed on 3 minimum
of 48 in. of compacted select material and 6 in.

or more of select backfill. For the DC-8, this
24-in, pavement would require a CBR of 14.5 for
the compacted select material. Since this taxiway
has performed satisfactorily for the DC-8 and
othcr heavy jet traffic, a strength equal to a CBR
of at least 14,5 is considered 'o exist, as in the
adjacent apron area. A 3-in. overlay is scheduled
in 1967 - 196% for the Honolulu sections of taxiway
A and runwav 8-26, Therefore, taxiway A eastof
Hickam Air Force Base is considered compatible
with the B-2707. The taxiway A section on Hickam
Air Force Base is reported to have a minimum
thickness of 62 in. It has sustained the lvads im-
posed by the DC-8-55 and other heavy aircraft for
several vears without adverse effects, The design
CBR value of 3 may understate somewhat the true
strength of the subgrade. It has been assumed,
ticrefore, that the 62-in. pavement is just ade-
quate for the DC-5-55 at 325,000 1b, with the
nearest indicated CBR value of 3.8 used to deter-
miine the thickness required for the B-:707,

A CBR value of 3.8 indicates that 4 70-1 2-in,
pavemcent thickness would be adequate for B-2707
operations on the Hickam cnd of taxiway A. An
anticipated overlay of not less than 2 in. will be

placed at the time the 3-in. overlay is placed on
the Honolulu portion of taxiway A. The resulting
wearingcourse will then tutal 6-in. of asphalt, half
of which includes a base equivalence factor of

1.5, making the equivalent total pavement thickness
equal to 65-1/2 in. The B-2707 will require
70-1/2 in., or a 5-in. additional overiay. This
amount, adjusted for base equivalence, is 3-1/2-
in, thick and attributable to the B-2707.

Based on limited boring information, the section of
the runway east of Hickam Air Force Base is as-
sumed to have a minimum pavement thickness of
66 in,. of which the upper 4 in. is a bituminous
wearing surface. The placement in 1967 - 1968

o1 the planned 3-in. overlay will increase the
actural thickness to 69 in. If the base equivalence
factor of 1.5 is applied to the existing 4-in. wear-
ing surface, the effective total pavement thickness
at the time the B-2707 enters service will be 71 in.
For noncritical runway areas, the ability of such

a pavement to supp ort the B-2707 would require a
CBR of 3,3, The pavement is thus compatible

with the B-2707,

In view of the improved methods of placing fill,
quality of materials employed, and its traffic his-
tory, a minimum CBR of 3.8 has been assumed
for the Honolulu section of the runway. The
Honolulu segment of runway 8-26 will this be com-
patible with the B-2707, Similarly, with the plan-
ned overlays, the 3,350-ft of runway 8-26 immedi-

ately west of the Hickam-Honolulu property line
will also be compatible with the B-2707,

4.8.2 Requirements for New Pavements

The geometry of all paviig fillets was taker from
plans made available by the airport operator and
verified from an aerial photograph. Of the 31
fillets and 3 curved taxiways investigated, 3 fil-
lets will require improvement. General assump-
tions and criteria leading to the standards adopted
for the present evaluation may be found in

Par. 4.2.3. Fillet modifications, where required
to accommodate the B-2707, are minimized by the
200-ft width of rurway 8-26 and the 75-ft width of
“ertain connecting taxiways.

No holding aprons are presently utilized or plan-
ned, This is due to ihe unique "'no delay" clear-
ance givenall jet aircraftfrom their gate positions.
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A two-way taxiway adjacent to the terminal at
Honolilu International Airport is presently being
used. Operation of the B-2707 on this taxiway in
a two-way modc wvill necessitate widening. A
plained master plan study will consider terminal
area revisions, including the possible elimination
of the two-way taxiing system. Nevertheless, in
the absence of detailed planning, the costs that
would be incurred by an adequate widening of this
taxiway system have been attributed to the B-2797.

4.8.3 Evaluation of Structures

Runway 8-26 and its two parallel taxiways cross
Manuwai Canal, which is on the property line of
Hickam Field. The canal is carried in a six-cell,
reinforced-concrete box culvert beneath taxiway
A, The cells of the box are 10-ft wide by 9-ft
deep inside, and the interior walle are structurally
hinged top and bottom, It is possible, therefore,
to analyze the top and bottom slabs of the culvert
independently, since structural continuity is pro-
vided only through the exterior walls, The top
slab has ample strength and, on the basis that
wall loads are carried by narrow strips of the
bottom slab, the bottom slab is also adequate for
the B-2707. :

Beneaih runway 8-26 the canal is carried in part
by three-box and two-box reinforced-concrete
culverts, and in part by 6-ft-diameter reinforced-
voncrete pipe culverts, About 15 years ago, the
box and pipe culverts were strengthened. These
were checked for the loads imposed by the B-2707
and found to be adequate.

Available data indicates that all other pipes and
conduite beneath the airfield pavements are within
the range of acceptable conditions stated in

Par. 4.2.3,

4.8.4 Terminal Area Considerations

The terminal area at Honolulu consists of a central
terminal building and elevated concourses, the
segments of which form a Y with the central ter-
minal at the top. To the west of the main building
and paralleling the east-west runway is a series

of buildings that accommodate international arriv-
als, From the center of the terminal area to the
east, another series of buildings curve gradually

to the north. Perimeter gate positions located on
the airport side of these buildings are not assigned
to specific airlines but are assigned by the tower
on arrival. All 19 of these gate positions are
virtually identical in plan layout, fuel hydrant
positioning, and guidance striping. When the
B-2707 enters service at Honolulu, it is probable
that only one method of parking will be used.

Both canted and parailel parking positions are
shown on Fig. 4~17. Both modes are compatible
with existing gate positions, terminal area maneu-
vering, and servicing, Both methods require the
use of two existing gate positions. The B-2707
gate positions will remain compatible with sub-
sonic airplane requirements. If a slight articula-
tion of the B-2707's nose is required to clear the

low blast fences such a maneuver will be accept-
able,

The terminal apron must be widened to permit
ramp vehicle traffic to ciear parked airplanes.

The cost of this modification is included in the
estimate,

Honolulu International Airport presently uses
mobile ramps. The Department of Transportation
does not contemplate the installation of second-
level loading devices in the future,

Each of the 19 gates at Honolulu International is
fueled by an underground system. All positions
are served by a pair of hydrant fueling pits located
along a line perpendicular to the terminal face and
spaced 80-ft apart. Some of the pits have addi-
tional fuel lines which carry a duty-free fuel for
certain overseas operations. The B-2707 may
require some modification to the existing system,
and the estimated per gate cost is shown in

Par 4.8.5.
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4.8.5 Estimated Costs

a. Lump Sum Items
Taxiway A overlay at $2.50

per sq yd $104,000
Modification of one fillet on
Hickam AFB:
Full -strength pavement
at $16 per sq yd 24,000
Shoulder pavement 3,000
Revisions to lights 2,000
Modification of 2 fillets on H.I. A.
Full -strength pavement at
$7 per sq yd 10,000
Revigions to lights 2,000
Expansion of terminal taxiway
and apron
Full -strength pavement at
$7 per sq yd 150,000
Shoulder pavement 19,000
Revisgion to lights 10,000
Total Estimated Costs $324,000
b. Unit Cost per Gate Position
Fuel system modifications $17,000

4.9 HOUSTON INTERCONTINENTAL AIRPORT
Now under constructionona 7,200-acre plotnorth
of Houston is the first major U.S. airport planned
for a previously underdeveloped tract since
Dulles International Airport was constructed in
the late 1950's. The planners and designers of
Houston Intercontinental Airport (Fig. 4-18) began
their work at a time when the general compati-
bility requirements of the supersonic transport
were beginning to become apparent. As a result,
the specific compatibility requirements of the
B-2707 would make necessary only minor modifi-
cations at this new airport.

4.9.1 Evaluation of Pavements

Pavements of Houston Intercontinental Airport
are of Portland cement concrete. A relatively
high-strength subsoil was produced by removing
the sandy topsoil, compacting the subsoil and
shaping it to drain, replacing and compacting the
sandy topsoil to a high density. Upon the com-
pacted subgrade were placed soil -cement base
courses, 9-to 12-in. thick. The combined
modulus of subgrade reaction achieved by these
means varies from k =265 to k = 450. The air-
port's designers selected slab thicknerscs of i1
12, and 14 in. to accommodate the various con-
ditions of support and eventual use. The 3-2707
will impose streg-es well withis the ~cucrele

allowable stress. The B-2707 is compatible with
the airports pavements.

4.9.2 Requirements for New Pavements

Included in the investigation were 97 fillets, of
which 29 would require improvement. Fifty per-
cent of the cost of fillet improvement is neces-
sitated by 'rare" B-2707 usage. General assump-
tions and criteria leading to the standards adopted
for the present evaluation may be found in Par.
4.2.3. Planned extensions of runways 81.-26R
and 14-32 were assumed to be compieted prior to
introduction of the B-2707.

The 325-ft -wide holding aprons that will serve the
thresholds ¢~ runway 8-26, the ILS runway, are
more than ample for holding and passing the
B-2707. By the criteria stated in Par. 4.2.3, the
250-ft-wide aprons of runway 14-32 are just short
of being adequate. The costs of widening have
been estimated and allocated .0 the B-2707.

4.9.3 Evaluation of Structures

Six airplane overpass structures will eventually be
required in the terminal area. They will be
designed for the heavieat airplane that can be
reasonably anticipated at this time and will be
adequate foir the B-2707.

A system of culverts will drain the taxiway infield
areas. Having been designed for 100,000-1b
equivalent single wheel loads, these structures
have the strength required to resis: live loads
imposed by the B-2707. Other conduits ‘re of
adequate design.

4.9.4 Terminal Area Considerations

The terminal at Houston Intercontinental Airport
is based on the concept of unit terminale for
passenger processing and multiple satellites for
boarding and deplaning (Fig. 4-19). Two unit
terminals are scheduled for construciior: during
the first phase of development. Each terminal
will ultimately be served by four satellite flight
stations, each designed to provide gate positions
for five subsonic jet airplanes. The unit termi-
nale are square in plan, and the concourses con-
necting them to the satellite flight stations are
extensions of their diagonals. Thus, separate
aprons are provided on two opposing sides oi the
unit terminals. These aprons are 740-ft wide and
permit twe -way taxiing operations with all gate
positions occupied by current jet airplanes. The
gate positions for each sirplane are designed for
nose-in loading; however, each airline may, at its
own option, make the rearrangements nccessary
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to permit canted or parallel parking. Fig. 4-19
shows ducking positions for simultaneous usage
by two B-2707's at each of the eight flight pavil-~
ions. Of the two positions, one would intrude
upon the inner tuxi lane and impose a somewhat
increased expenditure for passenger loading
bridges.

The need for modifications to passenger loading
devices will depend upon equipment selected by
the individual airlines. It is assumed that the
selection of any passenger-loading equipment
will be made at the proper time in consideration
of the B-2707 require:ments.

An underground hycdrant fueling system has been
designed consisting of one 12-in. and four 16-in.
supply mains feeding two 10-in. lines looping
around each of the satellite flight stations. The
system will be pressure-controlled from the tank
farm and will be capable of supplying 20,000 gpm
at 100 psi. Hydrant locations at leasedgate posi-
tions have been determined by each airline on the
basis of their current aircraft equipment andtheir
.ntended mode of parking. Those positions to be
used fcr B-2707 docking will require new hydrants.
The costs will be attributed to the B-2707.

4.9.5 Estimated Costs
a. Lump Sum Items

Modifications to 29 fillets:
Full -strength pavement at

$15 per sq yd $189,000

Revisions to lights and signs 38,000
Widening of 2 holding aprons:

Full -strength pavement at

$15 per sq yd $ 17,000

Revisions to lights 2,000
Total Estimated Costs $246,000

b. Unit Costs Per Gate Position:
Passenger Loading devices $ ---
Fuel system modifications $7,000

4.10 LOS ANGELES INTERNATIONAL
AIRPORT

4.10.1 Evaluation of Pavements

Both rigid and flexible pavements have been
constructed at Los Angeles International Airport.
'n the area of the airport west of Sepulveda
Boulevard (Fig. 4-20), the natural subgrade soil
is 8 loose sand. When excavated and recompacted

in layers, it provides a good subgrade for
runway and taxiway construction. East of
Sepulveda Boulevard, the subgrade is a clay soil.

Portland cement concrete pavements in thick-
nesses of 9, 10, 12, and 15 in. are presently in
use. The 12- and 156-in. concrete pavements are
compatible with the B-2707. The 10~-in. runway
7L-25R pavement performs satisfactorily under
current jet traffic and is also compatible with the
B-2707. The 9-in. pavement occurs only at the
runway 25L holding apron, scheduled to be
abandoned soon.

A number of flexible taxiway and runway pave-
ments west of Sepulveda Boulevard are 19-in.
thick. These Lave been a source of trouble. On
the basis of its experience with them, the Depart -
ment of Airports has concluded that the CBR
method of pavement design is more applicable at
Los Angeles. In general, the 19-in. flexible
pavements are sci-eduled to be replaced witl.
15-in. concrete pavements (which are compatible
with the B-2707) in the near future. Such pave-
ments include portions of runways 7TR-25L,
7L-25R, and taxiways J-38 and H-36.

All of the terminal apron taxiways are 37-in.
thick and are compatible with the B-2707. Run-
way 6-24 and sections of runway TR-25L - all
west of Sepulveda Boulevard - are flexible pave-
ments 22 - to 25-in. thick. Since the B-2707
requires a flexibtle pavement thickness in critical
and noncritical areas 2 in. greater than the DC-8,
the proportional cost of that thickness of a
strengthening overlay has been charged to the
B-2707. East of Sepulveda Boulevard, taxiway
2-J, which has a theoretical deficiency of several
inches, has been holding up very well under fre-
quent heavy loadings. This is attributed tc its
adobe subgrade. It is not anticipated that taxiway
2~J will require any improvement to support the
B-2707.

4.10.2 Reguirements for New Pavements

Each fillet that would be traversed by the B-2707
was investigated. A total of 159 fillets and two
curved taxiways were studied, of which 27 fillets
and one curved taxiway will require improvement.
The geometry of the fillets was taken from plans
made available by the airport operator and
verified from an aerial photograph. The general
assuinptions and criteria leading to the standurds
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adopted for the present evaluation may be found
in Par. 4.2.3 of this report. The specific
assumptions made for the investigation of the
fillets at Los Angeles are as follows: (1) Run-
way 16-34, which is very seldom used, will
either be relocated or ahandoned; (2) taxiway K
between the threshold of runway 7L and taxiway
63-J will be widened from its present 60-ft width
to 75 ft; (3) taxiway K between a point opposite
satellite 5 and the United Air Lines maintenance
apron at the eastern end of the airport is used
only rarely; i.e., when taxiway J is closed;

(4) taxiway F i3 used only by the military and by
the nonscheduled airlines.

Most operations at Los Angeles are to the west.
However, there may be 5 to 10 days a year when
the direction and velocity of the wind dictate that
landings and takeoffs be made to the east.
Because of the density of traffic at the airport,

it is osceutial that grouad traffic not be unneces-
sarily delayed at any time. Investigation of
taxiway geometry has been made on the basis of
east and west operations.

Holding aprons have been constructed at the
threshold of existing runway 24 (future runway
24L) and between the thresholds of runways 25L
and 25R. Both would require widening to meet
the criteria stated in Par. 4.2.3 for the holding
and bypass maneuvering of the B-2707. A 60-ft
widening would be appropriate for the full length
of the apron serving the runway 25 thresho!d. A
50-ft widening and a variable lengthening would
provide B-2707 compatibility with the runway

24 apron. This would require the relocation of

a blast fence and an extension of approximately
1060 ft of a 58-ia. by 36-in. corrugated metal pipe
arch. Both improvements would require the
resetting of existing edge lights and new shoul -
ders. The apron at the runway 24 threshold would
require the installation of several new edge lights.

In order to maintain the terminal area maneuver-
ing standards recommended in Par. 4.2.3 for the
B-2707, a major modification of the existing
taxiway and apron systems would be required.
This includes full-strength paverment, shoulder
pavement, and revisions to lights and signs
required to widen the peripheral taxiway in the
terminal area north of satellites 2 and 3 and
sauth of satellites 4 through 7.

4.10.3 Evaluation of Structuree

Los Angeles International Airport is transected
by Sepulveda Boulevard, which runs in an
approximately north-south direction immediately
east of the terminal area complex (Fig. 4-20).
The relationship of highway and airport facilities
is such that the parallel east-west runways and
taxiways south of the terminal area must be
carried over the highway. The vehicular subway
constructed for this purpose is a two-span,
reinforced-concrete rigid frame. This subway
must be modified to accommodate new large-
capacity subsonic transports which will precede
the B-2707 into service. After these modifications
are made, the structure will be compatible with
the B-2707.

The perimeter drain at Los Angeles is an 8-ft,
6-in. by 10-ft reinforced-concrete box culvert
that passes in various places below aprons,
taxiways, and runways. This structure was
checked for the live-load condition imposed by
the B-2707. The calculated maximum stresses
at critical sections were found to be within their
respective allowable values.

The ticketing buildings on the perimeter of the
circulation roadway are connected to their
respective satellites by passenger and baggage
channels running beneath the airplane parking
apron. Certain of the satellites are similarly
interconnected by passenger channels. It is
unlikeiy that the B-2707 would ever be maneuvered
between the ticketing buildings and satellites, or
onto the aprons between satellites. For that
reason, no investigation was made of the adequacy
of the existing channel construction.

All pipes and conduits beneath airfield pavements
are within the range of acceptable conditions
steied in Par. 4.2.3.

4.10.4 Terminal Area Considerations

The Los Angeles International Airport terminal
area emplo,s the unit terminal and satellite con-
cept. Ticketing buildings arranged along opposite
sides of the parking and central services areas
are connected each to its own satellite by chan-
nels beneath the apron. The entire perimeter of
a satellite in available for positioning air-raft.
The proximity of the satellites to each other and
to their resnecﬂv?ticketing buildings prohibits
perking of the B-2707 at interior gate positions.
The eight exterior positions indicated on Fig. 4-21
wauld require major improvementa to the existing
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taxiway and apron system. Terminal arca
occupancy that could be attained without major
modification of the buildings is also indicated

on Fig. 4-2!, One position each has been pro-
vided at satellites 2, 4, 5, 6, 7, and 8, and two
at satellite 3. Parking positions are all canted,
with the exception of one parallel at satellite 3.
The particular arrangements selected have been
investigated for feasibility of convenient
maneuvering, effects on the availability of
adjacent gate positions, and adaptability to exist-
ing gate arrangements and loading procedures.

The airlines at Los Angeles employ both second-
level loading devices and mobile ramps. The
second-level devices included fixed and swinging
nose-loaders and swinging-telescoping bridges.
At satellite No. 2, since no loaders now exist,
the new equipment which will be required to
serve the B-2707 is not considered chargeable.
For the paralle] parking position ehown at
satellite No. 3, the two existing swinging
telescopic-type loaders can be used to meet the
forward and second doors of the B-2707, although
minor modifications will be required for the
second door poseition. For the canted position
shown, the one existing loader of the same type
can be utilized to serve the forward door. A new
loader will be needed for the second door at this
positdon. New loaders will be required 3¢
satellite No. 4 to serve the position indicated.

It is not considered feasible to modify the existirg
equipment which 18 designed primarily to accom-
modate nose-in loading of subsonic aircraft,
Loaders currently exist at satellite No. 5, the
new equipment which will be required is charge-
able to the B~2707. The existing swinging-
teleacoping loader at satellite No. 6 can serve
the forward door A new loader of a similar
design will be nevded to serve the second door.
New loaders will be required at satellite No. 7

to serve the canted parking position indicated.
Since loaders exist at all other positions, the new
ones required for the B-2707 have been charged
to the B-2707. At satellite No. 8, the two existing
swinging-telescoping loaders can be modified to
accommadate the position shown on Fig. 4-21I.

All of the satellite terminais are served by the
underground fueling aystem. Each individual
satellite was examined to determine general
fueling requirements for the B-2707,

At satellite No. 2, the existing lateral, provided
with new 4-in. hose connections, will provide
sdequate service. At satellite No. 3, two new
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hydrants and assoclated laterai pipes will be
required. The loop system serving satellites

No. 4, 5, 6, 7, and 8 are adequate for the B-2707
positions, Two new hydrants and associated
laterals will be required at each satellite,

4.10.5 Estimated Costs

a. Lump Sum Items
Overlay pavement at

$1.20 per aq yd $260,000
Modifications to 27 fillets and
one curved tuxiway:
Full-strength pavement at
$15 per 8q yd 115, 000
Shoulder pavement 24,000

Revisions to lights and signs 29, 000
Widening of runway 24L
holding apron:

Full-strength navement at

$15 per 8q yd 32,000
Shoulder pavement 6,000
Revisions to lights 3,000

Relocation of blast :
fences and obstruction lights 3,000
Extension of 58 in. by

36 in. CMP arch 4, 000
Widening of runway 25L-25R
holding apron:
Full-strength pavement at
$15 per sq yd 41.000
Shoulder pavement 5,000
Revisions to lights 1,000
Widening of terminal aprons:
Full-strength pavement at
$15 per sq yd 693, 000
Shoulder pavement 84, 000

Revisions to lights and signs _36, 000

Total Best estimate $1, 336, 000
Fire and rescue Equipment _ 150, G00
Tota! High estimate 1,486, 000

b. Unit Cost Per Gate Positiou
Passenger ]-ading devices
Fuel Systerm Maodifications

§0, 000
20, 000

.11 MIAMI INTERNATIONAL AIRPORT

4.11.1 Evaluation of Pave.nents
Both rigid anx flemible pavemnents have been con-
structed at M.ami International Airpor:. In socme

areas, rigid pavements have received bitumincus

overlavs,
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The largest areas of rigid pavement at Miami are
the airplane parking areas adjacent :o the piers
extending from the terminal building. All of
them are 10-in. slabs placed on a 12~in. com-
pacted base of blended sand and rock with a
measured minimum CBR of 60. Almost gll of
the remaining concrete pavement in the terminal
area is 8-in. thick, with a stabilized sand base
varying in thickness from 0 to 8 in. Almost ai!
of this pavement has been overlaid with 3 in. of
asphaltic concrete, and the remaining section is
scheduled for a 3-3/4-in. overlay. Short sec-
tions of runways 9R-27L and 12 -30 are also paved
with &-~in. concrete supported by stabilized sand
bases of various depths up to 8 in. They have not
been overlaid. There are several small areas
paved with 6-in. concrete on stabilized sand
bases. All rigid pavements that might be sub-
jected to heavy B-2707 loadings have beea
ingpected. The majority of the terminal apron
pavements are in good condition. Those areas
which need improvement are eithsr scheduled for
overlay or it may be assumed they will be
improved prior to the introduction of the B-2707.
Many of the thinner pavements without overlays
are geriously overstressed by the fully-loaded
DC-8-55 and would be subjected to even higher
stresses by the B-2707 at maximum gross weight.
However, should it become necessary to overlay
any pavements not presently programmed for
improvement, the thickness requirements of non-
rigid overlays adequate for DC-8-55 logdings
would exceed, by fractions of an ingh,"those of the
B-2707. Therefore, although the"B-2707 would
create the greater stress o/r;»é:'(isting rigid pave-
ments, the costs of strengthening overlays would
be attributable entirety to the DC-8-55.

All of Mianm:e pavemen:s are now 12 or
more inckés thick. For the recommended sub-
grade classification of Fa, both the DC-8 and the
B-2707 require 11-1/2 in. of pavement in critical
pavement areas. It is concluded, therefore, that
all of Miami's flexible pavements are compatible
with the B-2707.

4.11.2 Requirements for New Pavements

Of the 164 fillets investigated, using both plans
znd aerial photographs, 25 would require
improvement. The general assumptions and
criteria leading to the standards adopted for the
present evaluation may be found in Par. 4.2.3 of
this report. The specific assumptions made for
the investigation of the fillets at Miami are as
follows:

a. If runway 12-3C¢ were to remain at its
current length, seversl of the exit taxiwaye
nearest to the runway 12 landing threshold would
receive little or no use by the B-2707. As
Fig. 4-22 indicates, however, the runway is to
be extended. As a result, the exit taxiways in
question will be used routinely by the B~27C7.
The assumption has been made that the planned
extension will he completed prior to the introduc-~
tion of the B-2707.

b. The Dade County Port Authorify has a
continuing program of fillet improvement, and it
is posasible that some fillets will be improved
prior to the introduction of the B-2707. towever,
the present investigation takes into account only
those fillet improvements that are firmly planned
for 1967.

Runway 9L-27R, the primary usage runway at
Miami International, g 200-ft wide. /8 a result,
no fillet modifications are required for the
B~-2707 adjacent to thiz runway.

There are holding aprons at each end of each sf
the four runways at Miami. All but two of the

eight aprons meet the criteria stated in Par. 4.2.3.

The two inadequate aprons are located at the ends
of runway 17-36. This runway is rarely used by
the airlines, and the aprons at their thresholds
would not be used by the B-2707. Accordingly,

it is assumed that these aprons will not be
improved specifically for the B-2707.

In addition to the holding aprons at the runway
thresholds, there are supplementary aprons
located approximately 1300 ft from the thresholds
of runway 9R and 9L. It is unlikely that such
aprons would ever be utilized by the B-2707 and
no improvements are anticipated.

4.11.3 Evaluation of Structures
Two box culverts are installed at Miami Inter-
national Airpert, but the B-2707 is unlikely to

cross either of them 80 they were not investigated.

Owing to the high level of ground water at Miami,
pipe and conduit have been installed with challow"
cover under both rigid and flexibl2 pavements.

In recognition of the effects on such installations
of live loads transmitted through shallow cover,
due care has been taken in their selection and
installation. From the data made available, it

is judged that all pipes and conduits beneath
airfield pavements are within the range of accept-
able conditions stated in Payr. 4.2.3.
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4.11.4 Terminal Area Considerations

The terminal area at Miami comprises a long,
central terminal and service building, the several
segments of which form a U, from which six
concourses, or passenger loading piers, extend
at diverging angles of 30 deg. Conconrse 4, the
International Building, is in the form of a T; the
others are linear, some with and some without
angular turns. The resuiting apron areas lend
themselves conveniently to the arrangement of
airplanes of various space requiremerts, with the
smaller airplanes assuming positior  :ar the
base of the pier and the larger a.rplanc. occupying
the gates farther out. Sixizen parking pc sitiong
have been indicated at the six Miami finger ,iers.
At five of the six term’nal -uilding concourses,
some use is made of second-level passenger
loading devices. Only those installed 2t the
outermost goie positions are cf concern to the
presenti ir vestigation. The scheduled modifica-
tions to concourse 6 irclude tie installation of
bridge- simi.ar .o those on concourse 5; however,
their locations have not L.een fixed as of this
writing.

At the B-2707 gate positions shown on Fig. 4-23
for concourses 1, 3, anc 4, the iength of the nose
of the B-2707 woul:} require either new or relo-
cated bi-rail loaders, plus new swinging-
telescoping loaders or swing loaders in conjunc -
tion with short fixed bridges. An alternative
considered by the airport operator consists of
simple building extensions on which the rail~
mounted loaders could be rehung. The latter
solution may be preferable from the operator's
standpoint, since the loaders would be retained
and additional needed hold-room space would be
provided.

At the three B-2707 gate positions shown for
concourse 5, the B-2707 can be paralled-parked
close enough to the face of the terminal to be
reacced by the existing telescoping bridges.
Some modification to the two bridges used for
second-door loading will be needed to reach the
height of the second-door siil of the B-2707.

For the purpose of this report, new bi-rail
loaders and swinging-telescoping type loaders
have been estimated, where needed. The existing
swing-type loaders at concourse 5 can be modi-
fied to serve five of the door positions indicated.
One new bi-rail type loader will be required for
the end position shown. All positions at other
concourses will require new or relocated loaders.

Loaders fcr the two positions indicated at con-
course 2 are not considered chargeable to the
B-2707, since none now exist in these areas.
These modifications will be compatibie with
subsonic airplanes.

Underground hydrant fueling facilities have been
installed at concourses 3, 4, 5, and 6. The sys-
tem at concourse 4 is electrically operated; those
at the other concourses are actuated by pressure-
sensing devices. An under-apron transter sys-
tem has been installed but never placed in service
at concourse 1. It is designed to deliver fuel
received from tenders at th:: cuter edge of the
parking apron to hydrants located under the air-
plaue fueling receptacles.

A new underground system, which will probably
be considered for concourses 1 and 2 to service
the four B-2707 positions shown there, is not
chargeable to the B-2707.

The existing 12-in. and 14-in. loops 3erving the
remaining piers are sufficient to provide the
required capacity for the B-2707. A system of
new laterals and two new hydrants at each B-2707
position will be required ard is shown in the cost
estimate.

4.11.5 Estimated Costs
a. Lump Sum Items

Improvements to 25 fillets:
Full -strength pavement at

V4-B2707-1

$6 per £q yd $ 67,000
Shoulder pavement 14,000
Revision to lights and signs 19,000
Total Estimated Costs $100,000
b. Estimated Unit Costs per
Cate Position
Pagsenger ioading devices $116,000
Fuel system modification 7,000

4.12 JOHN F. KENNEDY INTERNATIONAL
AIRPORT,NEW YORK

4.12.1 Evaiuation of Pavements

Both rigid and flexible pave:nents have been con-
structed at John F. Kennedy International Airport.
Most pavements have b2en placed on dredged
sand. Engineers of the Port of New York Author-
ity recommended the use of a Califcrnia Bearing
Ratio (CBR) of 15 and a modulua of subgrade
reaction (k) of 300.
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All runways, some taxiways and sections of
taxiways, and thc greater area of apron pave-
ments are Portland cement concrete. The runway
pavements, which have been designed for a maxi-
mum allowable flexural stress of 430 psi, are
12-in. thick. All other rigid pavements are

13-in. thick. Their maximum allowable flexural
stress is 365 psi. On both the 12-in. and 13-in.
thick pavements, the DC-8-55 at 328,000 lb
induces higher stresses than does the B-2707 at
675,000 1b. At 98 percert and 93 percent,
respectively, of the maximum allowable stress,
neither vehicle overstresses the 12-in. pave-
ments. On the 13-in. pavements, however, the
DC-8 induces a slight ovarstress (4 percent)

while the B-2707 induces a stress 3 percent less
than the allowable. On the basis of these findings,
it is ccncluded that the rigid pavements at Kennedv
are adequate for both airplanes.

Most taxaway pavements at Kennedy are of
flexible construction. According to the Port
Authority's engineers and planners, all such
pavements either are 22-in. thick now or will be
overlaid to that thickness pricr to the inaugura-
tion of B-2707 services. The typical section
comprises a 4-in. surface course and a 12-in.
base. Use of Corps of Engineers' design method
with the recommended CBR value of i5 results in
paving thickness equal to 23. 5-in. for the
DC-8-55 and 25-in. for the B-2707. The thick-
ness deficiency of pavements subjected to B-2727
loadings is 3-in. The deficiency for DC-8 load-
ings is 1-1/2 in., however, the full amount of the
costs estimated for a 3-in. thick asphaltic con-
crete overlay have been allocated to the B-2707.
Figure 4-24 shows the areas eliminated from
consideration of the additional 3-in. overlay
hecause of infrequent use by fully loaded B-2707's.

There are sections of 18-in. thick flexible pave-
ment on the aprons serving the International
Arrivals Building and the unit terminal building
occupied by Northeast, Northwest, and Braniff
Airlines. They comprise a 4-in. surlace, an
8-in. base, and a 6-in. subbase. In theory, they
are defi ~ient by 5-1/2 in. (23.5 percent) for the
DC -3 gnd by 7 in. (28 percent) {or the B-2707.
From a comparison of the theoretical thickness
deficiencies expressed as percentages, it 13
judged that the two terminal apron pavements in
question would probabiy be compatible with the
B-2707. Therefore, no costs for their strength-
ening are attributed to the B-2707 in the "best”
vstimate given in Par. 4.12.5. In the event that
pavement distress traceable to B-2707 operations

Vi-B27

occurs, it would be reasonable to attribute te
such operations the full cost of a pavement
improvement. Anticipating that such an improve-
ment would be made by inlaying concrete w

match adjacent pavement, a "high" estimate of
the full estimated costs of removing existing
flexible pavements and replacing them with a
13-in. .igid slab is given in Par. 4.12.5.

4.12.2 Requirements for New Pavements

A total of 247 fillets and ail curved taxiways were
carefully investigated and it was determined that
109 fillets require improvement. The gecometry
of the fillets was taken from plans made aveilable
by the sirport operator and verified from an
aerial photograph. The cost estimate for these
improvements are included in Par. 4.12.5. The
general assumptions and criteria leading to the
standards adopted for the present evaluation may
be found in Par. 4.2.3.

The following have been determined to be the
minimum desired holding capabilities of the run-
way threshold aprons:

e Hold two B-2707's at runways 31L, 22R,

and 13R

o Hold one B-2707 at runwaye 4L, 31R, and
13L

¢ No holding requirements at runways 4R, 7,
and 25

e Hold the same number of airplanes as the
apron was originally designed to hold

a. Runway 31L

The holding apron for runway 31L is a
trapezoidal -shaped pavement located at the end
of a decommissioned runway which is now
designatcd taxiway Z. It has sufficient crea to
hold three large subsonic jets. However, to
enable this apro: to hold two B-2707's and one
large subsonic jet and meet the Port Authority's
requirements, it wi'l be necessary to enlarge the
pavement. All costy for such improvements,
including blast fence requirements. have been
attributed o the B-2707.

b. Runway 22R

The apron here is presently adequate for
four current subscnic jets. It is adequate in
width for holding B-2707's and is backed by a
blast fence erected to protect a taxiway. It has
been assumed that the pavement area would be
increased to permit the holding of two large sub-
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197




v

. s .
R - 7

.
~g atr® s L e

Figure 4-24. Jobn F. Kennedy Interrutionel Airport, New York

V4-B2707-1

e — P e ———




sonic jels and two B-2707's by an expansion of
the northwest end. The cost of this expansion,
including blast fence extension, has been included
in the estimate.

c. Runway 13R

There is an L-shaped holding apron adjacent
to the takeoff threshold of runway 13. The long
leg of the apron is parallel and close to a taxiway
serving airline maintenance facilities, and a
blast fence now separates the two. The entire
apron will presently accommodate five large
subsonic airplanes. It will also have the capacity
to hold two B-2707's and three subsonic jets.
The Port Authority engineers have questioned the
effects that the efflux from a holding B-2707 might
have on the high tail surfaces of z2irplanes on the
adjacent taxiway. Studies indicate that, as the
B-2707 swings from the apron toward the hold
bar. the distance from its exhaust nozzles to the
adjacent taxiway is about 200 ft. There would be
an effect, but it is not regarded as severe. How-
ever, since it is impractical to raise the blast
fence, a holding apron extension to the west far
enough to accommodate two B-2707's turned ir
the takeoff direction has been included in the cost
estimate.

d. Runway 4L

The holding apron can presently accommodate
three subsonic jets. It would also be adequate
for cne B-2707 and two subsonic airplanes,
although the spacing would be somewhat tight. In
order to meet the criteria, and maintain opera-
tional flexibility, this apron will require expan-
sion. The cost of expansion, including embank-
ment fill in Jamaica Bay, pavement, shoulders,
and revision to lights, is included in Par. 4.12.5.

e. Runway 21R

The apron proposed for the current extension
of the runway 31R threshold would be inadequate
in width for the B-2707. Its length is adequate
for one B-2707 and two subsonic jets. The cost
of widening the apron has been estimated and
attributed to the B-2707.

f. Runway 13L

The threshold apron proposed for the exten-
sion of runway 13L is not wide enough for an
existing large subgonic jet to pass a B-2707 that
is holding. There appears to be no practical
solution to the problem involved in expanding the
aprun's depth. The rear edge of the proposed
apron wili be separsted from 150th Street by a

14-ft-high steel blast fence; consequently, the
apron cannot be widenad toward 150th Street.
Relocating the street itself to the southwest would
not be warranted. The feasibility of holdirg the
B-2707 on the existing apron serving 13L has
been investigated. However, thias apron is inade-
quate for the same reason cited for the proposed
apron. We have assumed, therefore, that
B-2707's required to hold will do sc in the large
area formed by the interaection of taxiways A

and X, and no charges will be allocated to the
B-2707 for apron expansion at the runway 13L
threshold.

4.12.3 Evaluation of Structures

There are four taxiway bridges on the airport.
The older pair, designed in 1946, carries the dual
circumferential taxiways over Van Wyck Express-
way, the primary access road. The second pair,
designed in 1962, carries the same taxiways

over the 150th Street entrance roadways. Plans
of the newer pair of bridges have been reviewed,
and it has been determined thz* they are fully
capable of supporting the B-2707 at maximum
gross ramp weight.

The Van Wyck Expressway bridges are two-span,
continuous structures with center-to-center-of-
bearing distances of about 65 ft in each span.
This structure has been investigated and it has
been found that both the B-2707 and the DC-8-55
produce sericus overstresses in the steel beams.
Improvements of the bridges are warranted now
if they are subjected to frequent loadings from
the largest of today's jet aircraft at or near their
maximum gross weights. Therefore, costs of
structural modifications to the Van Wyck Express-
way bridges have not been attributed to the
B-2707.

Seven large reinforced-concrete box culverts
were investigated. Using conservative analytical
assumptions, it was found that the culverts would
have overstresses of iess than 25 percent due to
the loads imposed by the B-2707. As a result of
the analyses and in view of the present condition,
it has been assumed none of these culverts would
be replaced due to B-2707 operations.

From available data, it is judged that all pipes
and conduits beneath airfield pavement are within
the range of acceptable conditions stated in

Par. 4.2.3.

V4-B2707-1
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4.12.4 Terminal Area Considerations

The terminal area at Kennedy now comprises an
International Arrivals Building and six domestic
unit terminals. Two other unit terminals. one
fcr a non-U. 8. airline, are presently projected
for completion within a few years. The seven
existing terminals fall into three basic
classifications:

a. The central building with two or more
concourses extending outward into the airplane
apron (Eastern, United-Delta, American, and
the International Arrivals Building)

b. The self-contained terminal at which the
aircraft docks by nosing in (PAA and Braniff-
Northeast -Northwest)

¢. The central terminal with concourses and
satellite buildings (TWA)

Studies were made of each terminal, and it was
determined that the B-32707 could be accommodated
as shown on Figs. 4-25 and 4-26, where it is
feasible for the airplane to be maneuvered and
docked by conventional techniques.

International Arrivals Building (Fig. 4-25).

Only BOAC has installed passenger loading
bridges. The BOAC gate serviced by these
loaders is not a surcested B-2707 gate. There-
fore, no bridge cos. -1iustment has been charged
to the B-2707.

Trane World Air Lines Terminal (Fig. 4-25)
Existing paseenger loading is accomplished

by swinging telescoping loaders. The forward-
entry door is compatible with the vertical articu-
lation of the loaders; as a result no costs are
attributable to the B-2707.

Pan American Airlines Terminal (Fig. 4-25)
Exisiing loaders are of the swing type with an
open platform guarded by handrails. They reach
only to the forward door of current airplanes. The
platforms would have to be altered to meet the
front door of the B-2707. An enclosed telescoping
loader at each B-2707 position would be required
to provide adequate weather protection and to
reach the doors while holding both points
simultaneously.

American Airlines Terminal (Fig. 4~26)

The east concourse could be equipped to serve
the B-2707 with two bi-rail loaders. The end
position of the west concourse presently has
one bi-rail nose-loader, "vhich could be supple-
mented by an additional bi-rail loader on a
swinging -telescoping loader, from an extended
holdroom. For the canted position at the west
concourse, it has been estimated that a new
swinging -telescoping loader would be provided
for the second door and a swinging fixed-length
loader for the forward door.

United - Delta Airlines Terminei (Fig. 4-26)

The south concourse has two B-2707's shown

with the westerly airplane serviced by existing
swinging-telescoping loaders. The forward-entry
door is compatible with the vertical articulation of
the existing passenger loaders. The second posi-
tion at the south concourse will require two new
loaders, not chargeable to the B-2707 because

the conccurse does not at present have loading
devices.

Eastern Airlines Terminal (Fig. 4-26)

This terminal does not at present have any load-
ing devices. Possible future vading devices

for B-2707 operation could only presume second-
story additions to the existing single-level north
and south concourses. The:efore, passenger
loading devices are not considered for this
facility at this time.

Braniff-Northeast-Northwest Terminal (Fig. 4-26)
At the terminal's northwest corner, an assumed
B-2707 position, two loaders are available for
use. One loader, of the swing type with fixed cab,
would require a rotating cab. The second loader
is a swinging-telescoping bridge, which would
require vertical adjustment to reach the second-
door sill. The east side of this terminal does not
have loading devices. Two new loaders are sug-
gested Jor this position.

Underground fueling systems are presently
installed at the International Arrivals Building

and at the permanent terminals of the various air-
lines. Fueling at temporary terminals is atill
carried on by fuel tenders. At the International
Arrivals Building, sirlines can choose between
the fuel of four different suppliers, resulting in
eight hydrants {or each present airplane position.
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The Port of New York Authority has erected eight
blast fences at Kennedy in locations where air-
planes, either holding or taking off, direct their
engine blasts at othur facilities. In generc:,
present blast fences are adeqvste for B-2707
operations. However, the holding apron serving
runway 22R, which .. . quir .l W be expanded at
its northwest end, is separated from an adjacent
taxiway by a metal blast fence 10-ft high. If
runways 22R and 22L are used during peak hours
for takeoffs or if runway 25 will be retained and
used in conjunction with 22R for takeoffs, air-
planes taxiing behind the apron of runway 22R
would cross the sxis of the B-2707 engine efflux.
The fence should be extended at its present height
as required by the apron extension needed for
holding the B-2707. The costs of such an exten-
sion have been estimated gad included in

Par. 4.12.5.

4.12.5 Estimated Costs

A "best' estimate and a ''high" estimate have been
submitted. The 'best" estimate reflects those
costs that are most properly attributable to the
B-2707. The 'high" estimate represents the
maximum potential cost that might be incurred by
the B-27v97.

a. Luiap Sum Items
Taxiway overlaps at

$2.29 per sc yd $ 990,000
Modifications to 109 fillets:
Full -strength pavement at
$15 per 8q yd 540,000
Shoulder pavement 130,000

Revigions to lights and signs 160,C)0
Expansion o 5 holding aprons:

Full-strength "z ~ment at

$15 per aq yd 454,000

Should=r pavement 34,600

Revision to lights 9,000

Fmbankmen? 30 000

Extend blast ience-

eevvay G2R, Jib 63,000
Subtotal &, 450,000

High Estimate Best Estimate

Terminal apron
inlays at $17

per aq yd $1,760,000 $ 0

Total Estimsated

Costs $4.190,000 $2.490,000

b. Unit Cosis Per Gate Position
Passenger loading devices
Fuel system modifications

$ 67,000
20,000

4.13 PHILADELPHIA INTEKNATIONAL
AIRPORT

4.13.1 Evaluation of Pavements

Both rigid and flexible pavsments have been con-
rtructed at Fhiladelphia International Airport.
Some sections of rigid pavem~nt have received
bituminous overlav:. Most of the girport pave-
ments have been ur are being constructed on sand
fills that have been placed hydraulicaily and
allowed to settle over s tidal marsh.

The terminal aproz. and certain of the existing
taxiwaya are 12-in. thick portland cement
concrete. Fagineers of the Division of Aviation
recoramend a value for the modulus of reaction

of the subgrade of k = 250. They slso recommend
the use of 1 maximum allowable flexurai stress

in the slabs of 29% pai. The choice cf the latter
value is based upon their observatiors of the
performance of the rigid pavements that have
required overiays. Aralyses of the rtresses that
would be induced by the DC -8 -65 and the B-2707
on the airport's rigid pavements show that each
airplane would cause serious stress conditioas;
however, since the B-2707 would creaie the lesser
overstress, no costs have been gliocated to it for
rigid pavement improvements.

The thickness or composition of the airport's
original pavements is not known with certainty.
However, datz are available on improvements
made during the last 15 yeacs. In 1951, the exist-
ing east-west runway was extended approximately
2300-ft westward on a subgrade composed of 6 ft
of selected backfill classified as E-2 soil. The
new pavement is 15-in. thick. In 1959, a further
extensicn of about 2200 R was added, which con-
sisted of a 14-1/2-in. <thick pavement structure
on 4-ft of material classifind as E-2 oil with
good drainage characteristics. A suly, ade clas-
sification of Fa was used in the design. At the
s7me~ tme, 8 minimum of 1-1/2 in. of bituminous
overia; 24 gdded to the prev. -us coastruction of
runway 9-27. The most recert design for a {flexi-
hie pavemnent a: Philadelphis is that for the taxiway
paralliel to runway !7-35. For an F1 subgrade
classification, the psvemen! section specified is
19-{a. thick. Since the engiccers judge that the
old construction of unknown thickness is perform-
ing as well as the newer construction, they have
recomnended that the present investigation of
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Philadelphia's flaxible pavements be based on the
known FAA subgrade classification of F2 and a
CBR of 20. Use ¢f the methods employed by the
FAA and the Corps of Engineers for the design of
flexible pavements in critical areas yields the
following required total thicknesses:

FAA Corps of Engineers’

Method Method
DC-8-66 18 in. 18.5 in.
B-2707 16.5 in. 20 inm.

By the Corps of Engineers' method, the 1959
extension of runway 9-27 would be deficient by
5-1/2 in. However, the results of standard tests
performed on the selected backfill placed there,
as well as the requirements of the specifications
under which it was placed, indicate that at least
this much of the backfili may be considered as
subbase. The existing flexible pavements will be
compatible with the B-3707 and that planned future
pavements will be at least equal to those now in
use.

4.13.2 Requirements for New Pavements

The requirements for new pavements have been
reviewed on the agsumptioa that all tke proposed
work included in the Airport Master Plan shown
on Fig. 4-27 will be finished by the time the
B-2707 is opersting. it a3hould be noted that this
romplete implementation of the masier plan will
revise and eliminate significant sections of cu. -
rent pavements, particularly the terminal area
peripheral taxiway. Runway 9R-27L, its
paraliel taxiway, and s bypass laxiway system
are currently under construction and the contract
drawings for the work have been reviewed.

In accordance with the general procedure outiined
in Par. 4.2.3, careful review of the existing
plans and areas under construction indicates that
half of the fillets will be negotiated during normal
operations and the other half will only be tumed
under unusual conditions. Ru-a¥ay-runway inter-
sections were not investigated, since the B-2707
can smoothly negotiate any such turm. After
analyzing each standard intersection and the non-
standard intersections by usc of s model, it was
determined that, out of 68 {illcts and 2 curved
taxiways, 16 filiet modifications and modiiica-
tions to the two curved taxiwsys would be
required. Costs are summarized in Par. 4.13.5.

According to the Alrport Master Plan, there will
be a total of six holding aprons serving the six
runway thresholds. The aprons at the ends of
runways 9L, 9R, 27L, and 35 are completed or
under construction. Of these four, only the hold-
ing apron at the runway 35 threshold is not of
adequate dimensions to satisfy the requirement
that & current subsonic jet be able to bypass a
B-2707 holding with wings in the full -open posi-
tion. A suitable widening for this apron has been
planned and estimated. The remaining aprons

at the end of runways 9R and 17 are in the planning
stage. From the Airport Master Plan, the run-
way 9R apron wiii be adequate for the B-2707,

but runway 17 apron is not large enough for the
B-2707 to pass currently operating commercial
airplane. Final planning for this particular apron
may dictate an expansion beyond that shown on
the current master plan. For this reason, no
estimated cost for widening the holding apron at
t